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FORWORD 


As  one  task  related  to  the  understanding  of 
environmental  variables  accounting  for  behavior  variance, 
our  staff  has  undertaken  extensive  study  of  a  variety  of 
literatures  related  under  the  general  topic  of  stress.  A 
series  of  working  papers  was  prepared,  summarizing  these 
reviews  of  the  literature.  These  have  been  edited  and  v/ill 
be  reproduced  for  the  use  of  colleagues  who  may  find  the 
compilations  of  value.  The  Stress  Reviews  completed  to 
date  cover  extremes  of  the  physical  environment,  involving 
cold,  heat,  radiation,  and  atmospheric  extremes. 

S.  B.  Sells,  Ph  D. 

Principal  Investigator 


THERMAL  STRESS:  I.  COLD1 


SECTION  1 .  INTRODUCTION 


Heat  and  cold  are  well-known  sources  of  stress  in 
military  situations  involving  extreme  temperatures  and  have 
been  the  subject  of  extensive  laboratory  studies  and  a  number 
of  field  investigations  in  several  scientific  disciplines.  The 
current  military  activity  in  the  tropics,  and  the  long-standing 
military  operations  in  the  severe  conditions  of  the  arctic  and 
antarctic  programs,  high  altitude  and  space  flights,  and  long 
range  undersea  operations  have  greatly  increased  the  need  for 
knowledge  in  the  areas  of  thermal  stress,  acclimatization, 
thermal  injury,  and  protective  measures,.  Because  of  the  sheer 
complexity  of  the  problem  of  thermal  stress,  due  to  the  varied 
influence  of  numerous  variables  producing  joint  effects  on 
behavior,  the  quantity  of  experimental  research  in  this  field  can 
be  regarded  as  slight  when  compared  with  the  questions  that 
still  remain  unanswered.  The  area  of  the  influence  of  extreme 
environmental  conditions  on  human  behavior  is  still  in  its 
infancy. 


The  interaction  of  heat  and  cold  with  humidity,  air 
movement,  clothing  insulation,  physical  exercise  and  other 
factors  in  affecting  the  psychophysioiogical  behavior  of  the 
human  organism  has  been  relatively  well  studied.  Much 
lass  is  known,  however,  on  the  facilitating  or  inhibiting 
effects  on  resistance  to  thermal  stress  of  other  relevant 
variables,  such  as  air  ions,  radiation,  drugs,  diet,  isolation, 


^Thls  report  is  an  extended  version  of  an  earlier 
by  Nurhan  Findikyan  and  S  B  Sells  entitled  CoM 
Stress;  Parameters,  Effects,  Mitigation  (Arctic  Aeromedical 
Laboratory,  Aerospace  Medical  Division,  Air  Force  Systems 
Command,  Fort  Wa  .nwright ,  Alaska)  AAL-TR-65-5,  Sept.  1963. 
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fear,  darkness,  motivation,  personality  traits,  group  structure, 
task  orientation,  and  task  load.  Consequently,  thermal  ex¬ 
tremes  cannot  be  considered  Independent  sources  of  stress 
exerting  uniform  effects  on  the  human  organism  independent 
of  other  interacting  organismic  and  environmental  states.  The 
study  of  thermal  stress,  as  the  study  of  all  other  known  variables, 
is  a  multifaceted  problem  and  needs  to  be  viewed  as  such  if 
adequate  generalization  to  practical  and  realistic  situations  is 
to  be  made  possible. 

The  appropriate  conceptualization  of  the  problem 
requires  not  only  recognition  and  specification  of  the  relevant 
variables  on  the  stimulus  side,  but  also  careful  specification 
of  the  response  (criterion)  variables.  In  experimental  situations 
rectal  temperature,  shivering,  nsoconstriction,  and  blood  pres¬ 
sure  have  often  been  taken  as  indicators  of  thermal  stress.  In  a 
military  real-life  situation  the  successful  accomplishment  of  a 
task  or  mission  under  thermal  stress,  without  irreversible  damage 
to  the  human  organism,  would  be  of  more  direct  concern  than 
these  associated  physiological  reactions,  although  these  latter 
may  be  useful  in  understanding  performance  effects  in  terms  of 
their  demonstrable  influence  on  the  accomplishment  of  the  task. 

Thus,  the  question  to  be  asked  in  the  evaluation  of 
performance  effects  of  thermal  stress  is  not  what  degree  of 
shivering  and  vasoconstriction  occurs  or  how  far  the  rectal 
temperature  drops  under  a  specified  stresstul  environmental 
circumstance,  but  rather  the  extent  to  which  a  given  task  or 
mission  can  be  successfully  accomplished  in  the  frame  ox 
reference  Involving  particular  categories  of  individuals  and  the 
observed  changes  in  body  temperature,  vasoconstriction,  shiv¬ 
ering,  and  other  reactions.  Definitive  answers  to  this  last 
question,  with  reference  to  various  environmental  situations, 
would  be  of  practical  value  in  aiding  the  planning  and  execu¬ 
tion  of  arctic,  antarctic  and  tropical  civilian  and  military  op¬ 
erations.  Y.t  answers  of  this  nature  are  few  in  the  literature, 
and  those  that  do  appear  are  large  y  based  on  anecdotal  reports. 

A  word  of  clarification  is  in  order  at  this  point.  In 
seeking  molar  answers  to  questions  of  extreme  environmental 
stress,  molecular  investigations  into  bodily  changes  in  physio¬ 
logical  functions  are  not  irrelevant.  Indeed,  molar  answers  to 
practical  questions  depend  heavily  on  molecular  facts.  With- 
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out  detailed  information  on  specific  physiological  processes 
under  stress  no  satisfactory,  adequate,  and  thorough  molar 
answer  is  possible.  However,  such  information  by  itself  is 
Insufficient  and  the  very  exigency  of  understanding  behavior 
mechanisms  in  complex,  real-life  situations  clearly  points 
to  the  fact  that  research  on  a  molar  scale  under  the  closest 
possible  simulation  of  realistic  environmental  conditions  and 
real-life  missions  and  tasks  is  badly  needed. 

Although  extremis  of  heat  and  cold  are  conceived 
to  be  two  ends  of  the  same  continuum,  and  psychophysiological 
reactions  to  heat  and  cold  have  been  categorizes  under  the  rubric 
of  "thermal  stress,"  the  biological  and  psychological  responses 
to  extremes  of  heat  and  cold,  in  most  instances,  appear  to  be 
different.  These  differences  are  further  accentuated  by  the  fact 
that  extreme  heat  and  cold  ar .  characteristics  of  different  en¬ 
vironmental  conditions.  As  a  result,  the  discussions  of  heat 
and  cold  in  the  review  are  separate. 

The  emphasis  on  the  difference  between  heat  and 
cold  stress  and  their  respective  environments  in  which  they 
occur  should  not  be  a  deterrent,  however,  to  the  quest  for 
higher  order  similarities  between  the  two  Siates.  In  fact, 
heat  and  cold  stress  do  show  certain  common  properties  in 
their  interactions  related  to  health,  motivation,  physical 
fitness,  and  the  fact  that  tolerance  of  both  heat  stress  and  cold 
stress  increases  with  adaptation  and  decreases  when  other 
stresses  operate  simultaneously  with  them. 

further  research  in  the  area  of  thermal  stress  might 
lead  to  the  formulation  of  more  subtle,  more  refined,  and  more 
meaningful  similarities  between  heat  and  cold  stress  to  sup¬ 
plement  the  crude  resemblances  listed  herein. 

The  review  undertaken  in  the  following  pages  is 
centered  on  cold  stress.  A  separate  report  has  been  pre¬ 
pared,  extending  th-‘  coverage  of  thermal  stress  to  neat. 

Although  an  effort  has  been  made  in  the  current  review  to 
summarize  information  obtained  through  fm,d  observations 
in  real-life  situations  as  w.'U  as  through  molecular  labora¬ 
tory  research  on  coie  stress,  the  paucity  of  field  studies  in 
the  literature  is  reflected  m  the  r.*port. 
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SECTION  2.  MECHANISMS  OF  BODY  TEMPERATURE 
CONTROL  UNDER  COLD  EXPOSURE 


Most  of  the  biological  functions  of  the  human  body 
make  adjustments  in  order  to  maintain  a  homeostatic  balance. 
Under  light,  moderate,  or  extreme  variations  In  environmental 
temperature  the  thermoregulatlve  mechanisms  of  the  body  make 
cruical  physiological  adjustments  to  maintain  a  stable  internal 
body  temperature.  Rectal  temperature  Is  generally  accepted 
as  beir  j  representative  of  internal  body  temperature,  and  as 
a  rough  measure  of  the  temperature  of  such  vital  internal  organs 
as  the  lungs,  heart,  brain,  and  abdomen.  Its  normal  range 
varies  from  36.2°C  (96. 8°F)  to  37. 6°C  (98.6°F).  Variations 
within  this  range,  due  to  age,  sex,  emotional  state,  dietary 
status,  physical  activity,  health,  climate,  diurnal  and  individual 
cycles ,  are  common  occurrences(Adams ,  IS 60).  Rectal  tempera¬ 
ture  remains  fairly  constant,  varying  only  2°  or  3°  F  (1  or  2°C) 
while  the  environmental  temperature  might  fluctuate  7b°F  (42°C) 
and  the  heat  production  of  the  body  may  Increase  or  decrease 
severalfold  from  -'ormal  (Bruce,  IS 60). 

In  cold  environments  the  thermoregulatory  centers  cf 
the  body  function  to  maintain  st  bilily  of  the  normal  body  temper¬ 
ature  by  compensating  for  heat  losses  through  heat  gains.  The 
particular  methods  of  maintaining  the  norma  body  temperature 
within  a  species  or  between  species  depend  on  the  availability 
and  flexibility  ot  heat  exchange  mechantsms  (Adams,  1960). 

In  certain  animals,  such  as  frogs,  regulatory  mecha¬ 
nisms  for  preserving  a  constant  body  temperature  are  either 
aosent  Ji  poorly  deve!^-_.!  so  that  m  low  environmental  tem¬ 
peratures  the  body  .emporature  of  these  animals  approaches  the 
temperature  of  the  environment.  Hibernation  appears  to  be  a 
form  of  survive,  mechanism  in  species  lacking  thermoregulatory 
devices  of  adjustment. 

Under  exposure  to  cold,  human  compensatory  responses 
start  to  occur  at  temperatures  below  20°C  (66°F)  (clothed  and 
a‘  rest)  or  at  28°C  (82.4°F)  (naked)  (V.acfariane ,  1953)  to  main- 
.am  body  temperature  v.-ithm  r  v<*ry  narrow  range  oi  2-3°F.  The 
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blood  loses  most  of  Us  heat  tc  the  environment  when  circulating 
in  the  network  of  arterioles,  vonulos  and  capillaries  found  just 
beneath  the  skin.  Under  conditions  of  cold  stress  these  blood 
passages  near  the  periphery  are  constricted  and  blood  flow  is 
diverted  away  from  the  surface  to  conserve  body  heat.  This  is 
known  as  vasoconstriction.  As  skin  temperature  Is  reduced, 
reflex  cutaneous  vasoconstriction  occurs  In  toes,  feet,  hands, 
nose,  and  ears.  Venous  pressure  riser,  and  venous  volume 
decreases.  These  physiological  adjustments  in  turn  reduce 
blood  flow  near  the  skin.  With  reduction  of  skir.  temperature 
the  heat  gradient  between  the  skir.  and  the  environment  is 
diminished,  thus  reducing  heat  exchange  between  the  colder 
environment  and  the  warmer  body.  Blood  returning  from  the 
periphery  starts  to  flow  back  via  deeper  venous  routes.  These 
alternate  routes  allow  cool  venous  blood  to  pass  adjacent  to 
warm  aiteriai  blood  channeled  toward  the  periphery.  Returning 
venous  blood  is  dnus  prewarmed  before  entering  the  heart.  Con¬ 
currently  arterial  blood  Is  cooled,  thus  minimizing  heat  loss 
upon  reaching  the  periphery  lAdams,  1960,  3ruce,  1960). 

Convective  heat  loss  is  also  reduced  by  the  erection 
of  hairs  and  roughening  of  the  skin.  This  response  tends  to 
minimize  air  movement  next  to  the  skin  (Bruce,  1960). 

Bruce  (19oJ)  indicated  that  vasoconstriction  reached 
a  maximum  and  conductance  a  minimum  for  both  nude  and  clothed 
subjects  when  the  average  chin  temperature  is  8°F  (•.-L°C)  below 
rectal  temperature. 

Adams  (1  jO)  cited  work  by  F  ray  and  DuBoie  ;n 
support  of  the  conclusion  thar  conduction  is  not  substantially 
reduced  at  temperatures  below  2  8°C  (dZ°F).  Thu*,  supplemen¬ 
tary  mechanisms  of  adjustment  ar.  required . 

•'j  environmental  temperature  decreases,  the  body 
r  .-sorts  to  mechanisms  of  thermogenesis.  Cne  form  of  heat 
production  is  gross  shivering  which  tends  o  compensate  for 
heat  loss  v/F.h  which  the  adjustments  cited  above  have  not 
been  able  to  cop.-.  Shivering  seems  to  occur  with  rectal  tem¬ 
peratures  oeiow  ;  >°r  (*L>.  >°C),  a!. hough  Itsonsct  is  apparently 
retarded  when  the  rate  oi  fall  of  deep  body  temperature  is  slow- 
(Bruce,  I960;.  Muscular  activity  initiated  by  physical  c:  ercise 
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can  also  inhibit  or  delay  involuntary  shivering. 

To  supplement  further  and  aid  the  mechanisms  of 
thermal  balance  mentioned  thus  far,  muscle  and  liver  metab¬ 
olisms  ,  and  thyroid  and  adrenal  hormones  are  summoned  into 
action.  An  increase  in  output  and  turnover  of  thyroxin  and 
adrenal  cortical  hormones  is  observed.  It  is  interesting  to 
note  that  the  response  pattern  of  output  of  thyroxin  and  adrenal 
cortical  hormones  observed  under  extreme  cold  also  occurs  in 
other  stress  situations  (Macfarlane,  1963). 

Below  rectal  temperatures  of  27oC-30°C  (80°-86°F) 
the  pattern  of  heat  conservation  through  vasoconstriction,  shiv¬ 
ering,  and  increased  endocrine  output  ceases  to  be  effective 
and  all  central  and  peripheral  cold  mechanisms  fail  (Adams,  1960). 

Bruce  (1960)  suggests  that  deep  body  temperature  can 
be  maintained  near  J8°F  (37°C)#  for  limited  periods,  in  envir¬ 
onments  ranging  from  -40°F  to  135°F  (-40°  to  57°C),  through 
the  proper  choice  of  clothing  and  efficient  thermoregulation.  He 
cites  25°C  (7 7°F)  as  the  lowest  limit  of  rectal  temperature  at 
which  life  can  be  maintained  for  a  limited  time.  These  time 
limits,  however,  he  fails  to  specify.  In  real-life  situations 
human  tirne-tolerances  of  cold  would  be  exceedingly  hard  to 
specify  since  ambient  or  rectal  temperatures  are  not  the  only 
independent  variables  and  the  effects  of  activity,  caloric  in¬ 
take,  acclimatization,  clothing,  v/ind,  humidity,  and  the  like 
need  to  be  taken  into  consideration. 

Several  physiological  reactions  to  cold  in  addition  to 
the  ones  mentioned  above  have  been  cited  by  Tromp  (1363,  p. 

243).  These  consist  of  larger  urine  volume,  lower  respiratory 
metabolism,  decreased  oxygen  saturation  of  the  blood,  and  the 
higher  pH  of  urine. ^ 


^A  detailed  account  of  biophysiological  responses  to 
cold  and  an  anatomic  and  functional  description  of  the  thermo¬ 
regulation  center  is  given  by  Tromp  (1963). 
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Although  environmental  temperature  is  discussed 
as  a  single  variable,  the  interactive  or  additive  effects  of 
other  stressors  present  in  the  environment,  in  addition  to  cold, 
as  mentioned  above,  must  not  be  overlooked.  It  is  generally 
accepted  that  the  presence  of  additional  stressors  has  the  ef¬ 
fect  of  lowering  the  biological  and  psychological  stress-resis¬ 
tance  capacity  of  the  organism.  Two  important  physical  envir¬ 
onmental  factors  that  operate  in  conjunction  with  cold  to  in¬ 
crease  the  effects  of  cold  stress  are  humidity  and  air  movement. 

HUMIDITY 


It  is  well-known  that  there  is  no  substantial  difference 
in  the  none  vapor  a  tive  heat  loss  of  the  skin  whether  humidity  is 
high  or  low.  It  is  also  widely  accepted,  from  verbal  reports  and 
personal  experience,  that  an  increase  in  humidity  almost  invar¬ 
iably  is  accompanied  by  feelings  of  discomfort  during  either  warm 
or  cold  weather.  Yet,  a  few  experiments  have  presented  evidence 
contrary  to  this  everyday  "knowledge"  and  common  expectation. 

In  an  experiment  by  Burton,  Synder  and  Leach  (1255),  as  reported 
by  Tromp,  nine  unclothed  subjects  were  exposed  lying  down  for 
100  minutes  to  temperatures  of  48°  and  58°F  (S  and  14°C)  with 
30  per  cent  and  80  per  cent  relative  humidity,  respectively. 

Skin  temperatures  remained  practically  the  same  under  these 
widely  different  degree-  of  humidity,  'out  on  exposure  to  cold, 
rectal  temperatures  rose  more  when  humidity  was  low,  suggesting 
a  greater  physiological  response  to  vasoconstriction.  The  inci¬ 
dence  and  intensity  of  shivering  and  the  sensation  of  cold  were 
greater  when  humidity  was  low,  despite  the  fact  that  skin  tem¬ 
peratures  were  the  same.  The  surprising  result  of  this  investi¬ 
gation  was  that  the  subjects  reported  a  greater  sensation  of 
cold  with  low  humidity,  whereas  the  opposite  would  usually 
be  expected.  Ceveral  other  experimenters  have  obtained  dif¬ 
ferent  results .  However,  Tromp  (1963,  p.  224)  explained  the 
discrepant  reports  of  comfort  with  different  levels  of  humidity 
by  stating  that  humidity  as  such  cannot  oe  perceived  by  the 
human  body  and  that  only  differences  in  humidity  at  a  given 
temperature  are  perceived. 

Despite  the  conflicting  results  of  different  expe’i- 
ments,  it  is  fenerally  accepted  that  greater  discomfort  is  ex¬ 
perienced  during  cold  humid  weather. 
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The  capacity  of  the  skin  to  absorb  moisture,  which 
increases  thermal  conductivity  of  the  skin  near  the  cold  recep¬ 
tors,  can  be  one  of  the  various  factors  accounting  for  the  in¬ 
creased  sensation  of  discomfort  (Tromp,  1963,  p.  225).  There 
is  no  evidence,  however,  that  different  thermoregulatory  mech¬ 
anisms  are  marshalled  into  action  when  the  air  is  humid,  nor 
that  thermogenesis  follows  a  different  pattern.  The  same  re¬ 
actions  that  take  place  in  dry  and  cold  weather,  probably  take 
place  in  humid  and  cold  weather.  Whether  the  temperature 
threshold  at  which  the  various  thermoregulatory  mechanisms 
start  their  emergency  functions  is  lowered  or  heightened  in 
cold  and  humid  air  is  a  point  that  needs  clarification. 

AIR  MOVEMENT 

It  is  common  knowledge  that  air  movement  has  a 
cooling  effect  on  the  body,  which  increases  with  the  speed 
of  movement.  Air  movement  increases  heat  loss  from  the  body 
as  it  disturbs  the  fairly  constant  layer  of  warmed  air  that  sur¬ 
rounds  the  body  in  still  air.  Tromp  (1963,  p.  231)  has  suggested 
that  there  is  an  adequate  rate  of  air  movement  that  creates  an 
invigorating  environment  and  that  variable  rather  than  monotonous 
air  movement  is  more  bracing.  His  suggestions  apply  primarily 
to  air  movements  in  a  room  or  building,  but  can  probably  be  ex¬ 
tended  to  breezes  in  temperate  climes.  Arctic  winds  on  the  other 
hand,  are  uniformly  detrimental  to  survival  under  extreme  cold 
and  inhibit  to  a  great  extent  the  accomplishment  of  an  outdoor 
mission.  Tromp  (1963,  p.  226)  reported  that  a  skin  temperature 
of  32.5°C  (90°F)  at  an  ambient  temperature  of  15°C  (59°F) 
drops  11.30°C  (20°F)  at  windspeeds  of  282  cm/sec.  (about 
111  in. /sec.) 

Arctic  winds  coupled  with  snow  flurries  do  not  only 
lower  the  temperature  of  the  body,  thus  taxing  the  physiological 
functioning  of  the  organism,  but  also  make  the  accomplishment 
of  an  outdoor  task  extremely  difficult,  if  not  impossible.  Snow 
driven  into  the  eyes  obstructs  vision  to  a  substar.tial  degree  and 
goggles  are  of  no  great  use  since  they  freeze  up  almost  immedi¬ 
ately.  This  situation  helps  to  emphasize  the  point  that  physio¬ 
logical  adaptation  to  cold  in  a  cold  chamber,  while  relevant  for 
the  controlled  study  of  the  phenomenon  In  molecular  perspective, 
is  only  an  intermediate  objective  in  the  study  of  psychophysio- 
logical  effects  of  realistic  cold  environments  on  behavior. 
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OTHER  FACTORS 

In  contrast  to  the  relatively  extensive  information  on 
the  interaction  of  cold  with  humidity  and  air  movement  in  re¬ 
ducing  the  physiological  resistance  of  an  organism  to  meteor¬ 
ological  stress,  comparatively  little  is  known  about  the  ef¬ 
fect^  of  air  ions,  polarized  light,  electrical  fields,  and  several 
other  climatological  and  meteorological  variables  on  the  human 
body.  How  these  variables  would  interact  with  cold  in  modify¬ 
ing  the  physiological  mechanisms  of  the  human  organism  and 
thus  influence  the  performance  of  a  task  or  accomplishment  of 
a  mission  is  hard  to  conjecture.  Scientific  progress  in  psycho¬ 
biometeorology  has  been  slow.  Yet,  several  studies  of  recent 
vintage  may  soon  provide  enlightening  new  information  on  the 
effects  of  meteorological  variables  on  behavior  (Tromp,  1963; 
Muecher  and  Ungeheuer,  1 S 61;  Moos,  1964). 
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SECTION  3.  PHYSIOLOGICAL  INJURY  AND  DYSFUNCTION 
SUFFERED  IN  EXTREME  COLD 


The  parts  of  the  body  most  susceptible  to  cold-injury 
are  the  extremities,  which  present  the  largest  exposed  surface, 
for  heat  loss,  from  the  underlying  core.  Macfarlane  (1963) 
listed  three  types  of  cold  injury. 

A.  Chilblains .  Chilblains  are  a  relatively  mild  form 
of  tissue  damage.  Poor  circulation,  as  a  result  of 
cold,  results  in  damage  to  the  tissue  of  the  extremi¬ 
ties.  Local  itching  and  swelling  characterize  this 
form  of  injury. 

B.  Wet  cold  syndromes .  The  main  exemplars  of 
these  injuries  are  the  well-known  trenchfoot  and 
immersion  foot.  They  result  from  exposures  below 
12°C  (53°F)  for  several  days.  The  moisture  from 
cold  and  sweat  contribute  to  the  pathogenesis  of 
these  disorders.  Feet  and  legs  become  cold,  pale, 
numb  and  cease  to  sweat.  After  initiai  vasocon¬ 
striction,  vasodilation  takes  place  and  the  feet 
become  red  and  swollen.  Nerve  injury  is  frequent. 
Hypalgesia  and  anesthesia  persist  for  weeks  after 
the  feet  have  been  warmed.  Blood  vessels  are  dam¬ 
aged  and  plasma  and  red  ceils  leak  into  tissue  spaces. 

C.  Frostbite.  These  injuries  result  from  prolonged 
and  severe  vasoconstriction  at  temperatures  beiow 
0°C  (32°F).  In  mild  cases,  tissue  is  not  necessarily 
frozen.  In  more  severe  cases,  ice  penetrates  the 
tissue  causing  necrosis,  ana  very  often  gangrene 
sets  in  if  circulation  has  been  severely  reduced.  C.i 
warming  of  the  injured  extremities,  vasodilation  and 
swelling  occur,  Considerable  pain  and  damage  to 
liver,  kidneys  and  adrenals  are  sometimes  noted  (Lewis, 
1955;  Macfarlane,  1963). 

Environmental  factors,  such  as  winds  coupled  with 
cold,  and  organismic  variables,  such  as  poor  circulation  in 
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the  extremities,  increase  the  danger  of  cold  injury.  Lewis 
(1955)  classified  cold  injuries  into  categories  as  to  their 
degree  of  severity.  These  are  characterized  by  (a)  loss  of 
superficial  dermal  lay'r,  (b)  loss  of  full  thickness  of  skin 
and  superficial  subcutaneous  tissue,  (c)  loss  of  deep  sub¬ 
cutaneous  tissue  and  distal  parts,  and  (d)  loss  of  major  tissue, 
including  bone.  Results  of  experiments  by  Lewis  indicated  that 
nerve  and  muscle  tissue  were  more  susceptible  to  cold  injury 
than  skin,  connective  tissue,  tendons  and  '  one. 

Drury  (196^)  reported  three  stages  bv  which  ice 
invades  the  tissue: 

A.  Superficial  freezing.  This  occurs  at  high  sub¬ 
zero  temperatures.  A  thin  blanket  of  ice  spreads 
over  and  underneath  the  thin  layer  of  tissue,  ad¬ 
vancing  in  all  directions. 

B.  Intercellular  freezing.  In  this  stage,  ice  from 
the  superficial  layers  starts  spreading  between  the 
cells.  In  invading  this  intercellular  space  the  ad¬ 
vancing  ice  uses  tissue  elements  and  collagenous 
fibers  as  pathways. 

C.  Intracellular  freezing.  Ice  invades  the  cells 
and  blood  cells  freeze  suddenly.  Ciliary  activity 
is  irreversibly  affected .  Upon  warming,  the  eryth¬ 
rocytes  burst  and  blood  vessels  assume  an  irregular¬ 
ly  beaded  bulbous  appearance. 

The  treatment  of  bodily  injuries  resulting  from  severe 
cold  is  a  problem  that  has  been  given  considerable  attention. 

The  literature  indicates  that  severe  injuries  received  under  ex¬ 
treme  cold  are  usually  irreversible.  This  is  attributable  to  the 
fact  that  frostbite  is  rarely  detected  by  the  individual  at  its 
incipience.  By  the  time  that  it  reaches  suprathreshoid  levels, 
ext  nsive  c!amag>_  to  tissue  and  blood  vessels  has  already  taken 
place.  The  condition  is  often  further  aggravated  by  the  con¬ 
comitant  effects  of  delay  in  transporting  the  injured  person 
from  an  isolated  region  back  to  a  hospital  with  adequate  medical 
facilities.  Gangrene  ana  damage  requiring  amputation  of  fingers 
and  toes  are  quit-  common. 
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Specific  therapeutic  procedures  are  usually  of  little 
avail  when  irreversible  tissue  damage  has  already  taken  place. 
Meryi..3n  (1953)  reported  that  rapid  thawing  of  frozen  tissue 
may  inflict  further  damage.  Lewis  and  Hoak  (1956)  corrobo¬ 
rated  Meryman's  finding  that  delay  of  rapid  rewarming  for  30 
minutes  reduces  the  extent  of  gangrene.  The  results  of  these 
experiments  suggest  that  damage  to  tissue  occurs  not  only 
whan  tissues  freeze,  but  also  in  the  thawing  period  as  well. 

Fuhrman  and  Fuhrman  (1957),  however,  mentioned 
the  more  rapid  onset  of  hyperemia  and  edema  after  rapid  as 
opposed  to  slow  thawing  as  one  of  the  main  disadvantages 
of  rapid  thawing,  and  concluded  that  delayed  warming  is 
never  superior  to  rapid  thawing . 

Tt.C’s  at  al.  (1251)  found  that  the  clinical  use  of 
heparin  reduces  the  extent  of  gangrene  and  the  duration  of 
hospitalization.  Douglas  (1960)  reported  negative  results 
for  ultrasound  therapy  in  frostbite. 

Several  authors  have  expressed  the  considerable 
doubt  and  disagreement  as  to  the  best  method  of  treatment  of 
cold  injury  that  exists  in  medical  circles.  As  Theis  et  al. 

(12  51)  pointed  out,  the  prevalent  objective  of  cold  injury 
treatment  is  ’.he  prevention  of  further  damage  rather  than  res¬ 
toration  of  damaged  parts  and  functions,  since  in  most  cases 
of  cold  injury  these  have  been  irreversibly  affected. 

Lewis  (1355)  emphasized  the  increased  likelihood 
of  frostbite  due  to  malnutrition  and  fatigue,  thus  diawing 
attention  to  the  multifaceted  nature  of  cold  stress. 
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SECTION  4.  DETERIORATION  OF  TASK  PERFORMANCE 
UNDER  COLD  STRESS 


Cold  stress  not  only  affects  the  physiological  mech¬ 
anisms  of  the  body,  producing  such  reactions  as  shivering  and 
vasoconstriction,  but  also  produces  decrements  in  task  per¬ 
formance.  Numbness  of  the  fingers  produced  by  cold  stress 
leads  to  deterioration  particularly  of  performance  on  tasks  re¬ 
quiring  fine  manual  dexterity.  As  a  consequence,  duties  re¬ 
quiring  manipulation  of  knobs ,  switches,  push-buttons,  keys, 
screws,  nuts  and  bolts  become  well-nigh  impossible  to  accom¬ 
plish. 

EFFECT  OF  COLD  ON  SENSORY  PROCESSES 

According  to  Williams  and  Kitching  (1 J42 )  no  change 
occurred  in  the  area  of  visual  field,  in  two  subjects  who  were 
exposed  to  a  temperature  of  -50°F  (-45°C)  for  one  hour  and 
to  lower  temperatures  for  greater  durations.  Another  subject 
dressed  in  a  flying  suit  with  auxiliary  heat  to  the  hands  and 
fo.;t  manifested  no  change  in  the  area  of  the  visual  field  de¬ 
spite  a  rectal  temperature  drop  of  1°C  (1 . 0°F) .  In  all  cases  , 
the  area  of  the  visual  field  was  determined  by  use  of  a  peri¬ 
meter  subtending  one  degree  of  visual  arc  ’with  a  white  spot 
serving  as  the  test  stimulus. 

The  efiects  of  arctic  conditions  on  vision  are  of 
cons  id  jrable  practical  interest.  Compared  to  findings  con¬ 
cerned  with  decrease  of  excitability  in  temperate  zones,  a 
regular  increase  of  excitability  of  the  visual  and  auditory' 
organs  ol  man  has  b-en  oos>  rved  in  the  arctic  (Funtikov, 
l  'o4).  Revesman,  Hollis,  and  J.  attson  ( 1  J t> 3 )  concluded 
that  .here  is  apparently  som  •  change  in  vision  in  the  arctic. 

The  studies  revi.  wed  indicat'd  there  is  greater  eyestrain, 
more  .rrors  in  distanc  •  judgment,  and  more  detrim  nial  effect 
on  pilots  unwr  arci.sc  condi.ions.  Although  the  ’fleets  on 
audi.ion  are  1-ss  well  exp’ord,  there  is  evidonc  that  arctic 
hoods  (.-strict  hearing. 

Cold  r  u'ue.-s  tactual  sensitivity  that  is  n  cessary 
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for  the  completion  of  many  Jobs  Involving  sucn  actions  as 
turning  knobs,  flicking  switches,  and  pushing  buttons. 

Provins  (1958)  suggested  that  the  reduction  in 
tactile  discrimination  and  other  kinesthetic  sensitivity  that 
occurs  In  cold  conditions  might  be  especially  important  in 
driving  under  icy  conditions,  at  night,  or  with  reduced  visi¬ 
bility  . 


Bartlett  and  Gronow  (1952)  found  increased  tactile 
discrimination  in  the  first  30  minutes  of  exposure  to  a  temper¬ 
ature  of  -10°C  (14°F).  This  improvement  might  have  been  the 
result  of  a  learning  factor,  but,  in  any  case,  it  indicated  that 
for  short  periods  of  exposure,  improvement  in  tactile  discrimi¬ 
nation  was  not  precluded  by  exposure  to  cold  conditions  of  this 
magnitude. 


Mack-vorth  (1952)  reported  a  significant  effect  of 
both  air  temperature  and  wind-speed  on  tactile  discrimination. 
Subjects  were  exposed  for  three  minutes  to  either  cold  air 
(-25 . 1°C  to  -30°C)  (-13°F  to  -22°F)  or  very  cold  air  (-30.1° 

C  to  -35°C)  (-22°F  to  -31°F)  in  wind  conditions  described  as 
calm  (0-6  mph)  or  breeze  (6-10  mph).  The  qreatest  numbness 
assessed  by  the  millimeter  increase  In  gap  size  that  could  be 
detected  was  found  under  the  condition  of  very  cold  air  with 
air  speed  of  6-10  mph.  A  change  in  wind  speed  was  found  to 
bo  as  effective  as  a  change  in  air  temperature. 

Russell  (1957)  found  an  impairment  in  tactile  sensi¬ 
tivity  when  temperatures  dropped  below  30°C  (86°F)  and  in 
kinesthetic  sensitivity  when  temperatures  dropped  below  20° 

C  (50°F).  Testing  temperatures  t.i  tho  range  of  -16°  to  -23°C 
(-.•  °F  to  -5.40F)  for  exposure  periods  of  approximately  21  minutes, 
Mills  (1555)  found  that  tactile  discrimination  was  reduced  when 
skin  tornperatur  .  was  towered.  Spontaneous  rowarming,  after 
exposur  ?  of  about  1  ;>  minutes,  produced  a  recov  ry  in  tactile 
discrimination  as  skin  temperature  rose.  If  spontaneous  re¬ 
warming  did  no?  occur,  frostbite  usually  ensued. 

Provins  and  Morton  (I960)  aiso  reporter'  phasic 
differences  in  tactil  ■  discrimination  that  corresponded  to 
phases  of  the  "hunting  reaction."  They  hud  subjects  immerse 
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thelndex  finger  in  each  of  six  water  bath  temperatures  ranging 
from  20  to  30°C  (35. 6°F-86°F)  for  a  period  of  20  minutes.  It 
was  found  that  2-edge  discrimination  showed  little  impairment 
at  temperatures  of  6°C  (42.8°F)  or  greater,  when  the  finger 
was  in  thermal  equilibrium  with  the  water.  At  4°C  (39.2°F) 
however,  marked  impairment  was  noted, and  at  2°C  (35.6°F), 
a  complete  numbness  occurred.  Provins  and  Clark  (1960) 
also  pointed  out  the  relationship  between  f  lnger  temperature 
and  tactile  discrimination  and  suggested  6°C  (42.8°F)  as  the 
minimum  finger  temperature  for  no  impairment  of  sensitivity. 

The  relationship  between  temperature  and  vibratory 
sensitivity  has  been  found  to  be  similar  to  that  of  temperature 
and  pressure  sensitivity  suggesting  similarity  if  not  identity 
in  the  controlling  mechanisms  of  the  two  (Weitz,  1941). 

The  radiant  heat  pain  threshold  has  been  found  tc 
increase  under  conditions  of  low  ambient  temperature  (Teichner 
and  Kobrlck,  1955). 

MUSCLE  STRENGTH 

Provins  (1958)  reported  the  reduction  in  hand- 
strength  under  conditions  of  cold  stress  which  13  particularly 
relevant  to  cyclists.  Horvath  and  Freedman  (1947)  found  that 
exposure  to  extreme  cold  for  periods  of  three  hours  can  greatly 
reduce  hand  grip  strength.  The  grip  pressure  of  70  men  exposed 
to  temperatures  of  -10°  to  -14°F  (-23°  to  -26°C)  showed  a 
28  per  cent  drop.  Craik  and  MacPherson  (1943)  had  two  sub¬ 
jects  immerse  their  hands  in  v/ater  at  7°C  (44. 6°F)  for  15 
minutes.  Hand  grip  strength  was  reduced  2  l  per  cent  and  the 
strength  of  opposing  th<  fingers  to  the  thumb  was  reduced  44 
per  cent.  The  lesser  effect  on  hand  grip  strength  was  attributed 
to  the  greater  Involvement  of  forearm  muscles  which  were  pro¬ 
tected  by  clothiny  and  presumably  not  cooled  as  much  as  the 
small  muscles  of  the  hand  which  are  involved  In  the  opposition 
of  the  fingers  and  thumb.  The  author;  concluded  that  local 
cooling  of  the  limb  and  not  general  body  cooling  is  the  pri¬ 
mary  factor  to  be  considered  in  loss  of  muscle  strength  In  the 
cold . 


Provins  and  Clarke  (1960)  found  that  loss  in  muscle 
strength  as  a  result  of  exposure  to  cold  is  a  function  of  the 
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amount  of  local  cooling  of  the  muscles  below  a  temperature 
of  81°F  (27°C).  BjIow  this  temperature,  there  will  be  a 
reduction  In  the  period  of  time  that  a  submaximal  contraction 
can  be  maintained. 

MANUAL  DEXTERITY 

Reduced  sensitivity  is  generally,  though  not  always, 
associated  with  a  reduction  In  manual  dexterity.  Bartlett 
and  Gronow  (1352)  found  that,  while  tactile  sensitivity  was 
not  impaired  by  exposure  to  temperatures  of  -10°C  (14°F), 
the  normal  Improvement  in  manual  dexterity  that  occurs  at 
room  temperature  was  prevented  from  talcing  place  at  these 
temperatures . 

Rohles  (1953)  examined  performance  on  a  typing 
test  as  a  measure  of  both  manual  dexterity  and  serial  discrim¬ 
ination  as  a  function  of  ambient  temperature.  Tests  were 
given  after  a  30  minute  adaptation  period  to  temperatures  of 
70°  (21°C)  (control),  60°,  50°,  40°,  and  30°F  (16°,  10°, 

5°,  -1°C).  Gloves  were  worn  during  the  adaptation  period. 

The  group  at  60°F  (16°C)  had  the  fastest  typing  time  and  the 
groups  became  progressively  slower  at  the  lower  temperatures. 
The  mean  number  of  errors  increased  as  temperatures  becare 
lower. 


Horvath  and  Freedman  (1947)  gave  22  men  a  series 
of  tests  including  the  Johnson  Code  T-‘St  and  the  Gear  test. 
Although  the  former  is  generally  considered  a  measure  of  mental 
performance,  it  also  served  as  an  indicator  of  manual  dex¬ 
terity  as  it  is  a  paper  and  pencil  test.  P-rformance  on  both 
these  tests  was  much  poorer  at  -20°F  (-29°C)  than  at  72°F 
(22°C).  The  decrement  on  the  Johnson  Code  Tjst  was  at¬ 
tributed  to  a  loss  in  manual  dexterity  rather  than  to  any  In¬ 
terference  at  the  cortlcai  level. 

Manual  dexterity  has  been  found  to  be  related  to 
hand-skin  temperature.  Clark  (1961)  investigated  the  effects 
of  hand-skin  temperatures  of  i5°  and  60°F  (13°  end  16°C) 
on  a  knot-typing  task  in  12  enlisted  men  after  the  criterion 
temperature  was  reached,  and  af'er  20,  40,  and  60  minutes 
exposure  at  criterion  temperatures.  Performance  at  hand- 
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skin  temperatures  of  60°F  (16°C)  showed  .10  evidence  of  im¬ 
pairment.  At  55°F  (13°C)  hand-skin  temperature,  performance 
was  severely  Impaired,  the  performance  decrement  being  an 
increasing  exponential  function  of  duration  of  exposure,  be¬ 
coming  asymptotic  at  approximately  40  minutes.  Dusek  (1957) 
while  finding  no  significant  relationship  between  finger-skin 
temperature  and  finger  dexterity,  found  that  lowered  ambient 
temperatures  resulted  in  a  greater  reduction  in  fine  finger  dex¬ 
terity  than  in  gross  hand  dexterity  and  in  greater  variability 
and  a  decreased  level  of  performance  of  manual  tasks.  In 
this  study,  subjects  were  exposed  to  temperature  conditions 
of  75°  (24°C)  (control),  55°,  45°,  and  35°F  (13°,  7©,  and 
2°C)  for  periods  of  90  minutes  and  during  exposure  were  ad¬ 
ministered  the  Minnesota  Rate  of  Manipulation,  u'Conner 
Finger  Dexterity,  and  Purdue  Pegboard  Tests. 

Springbett  (1951)  found  that  hand  temperature  was 
related  to  impairment  of  performance  on  the  Minnesota  Manual 
Dexterity  Test,  the  Bolts  Test,  and  the  Bren  Test.  Although 
he  suggested  that  duration  of  exposure  should  be  included  in 
the  estimation  of  limiting  hand-sxin  temperature,  hand  tempera¬ 
ture  of  approximately  26°C  (78.8°F)  could  be  considered  the 
limit  for  efficient  performance.  This  temperature  limit  is 
considerably  higher  than  that  mentioned  by  Clark  (1961)  who 
found  no  evidence  of  impairment  at  60°F  (16°C),  but  did  at 
55°F  (13°C)  on  a  knot-tying  task. 

Several  studies  have  been  designed  to  determine 
whether  local  cooling  or  total  body  cooling  is  the  crtticai 
factor  tn  reduced  manual  dexterity  in  the  cold.  Springbett 
(19  51)  tested  manual  dexterity  under  conditions  of  warm  body- 
warm  hands,  warm  body-cold  hands,  cold  body-cold  hands, 
and  cold  body-warm  hands.  It  was  found  that,  regardless 
of  body  temperature,  subjects  with  cold  hands  showed  a  sig¬ 
nificant  decrement  in  performance,  while  those  with  warm 
hands  showed  no  such  decrement. 

Gaydos  (1958)  had  12  enlisted  men  perform  knot- 
tying  and  block- stringing  tasks  under  two  conditions.  In 
one  condition,  the  hand  was  warmer,  to  a  temperature  of  80°F 
(2  7°C)  while  the  body  was  exposed  to  an  ambient  temperature 
of  45°F  (7°C);  tn  the  other  condition,  the  entire  body  was 


exposed  to  the  ambient  temperature  of  45°F  (7°C).  The 
results  showed  a  decrement  in  manual  performance  when 
hcnd-skin  temperature  dropped  to  50°-55°F  (10°-13°C), 
which  did  not  occur  when  hand- skin  temperature  was  main¬ 
tained  at  80°F  (27°C)  or  higher,  despite  body  surface  cooling 
to  78°F  (26°C)  in  both  cases. 

A  similar  study  was  conducted  by  Gaydos  and  Dusek 
(1958)  whc  had  16  enlisted  men  perform  knot-tying  and  olock- 
atringing  tasks  in  one  situation,  where  the  ambient  temperature 
was  15°F  (-9°C),  or  in  another,  where  hands  were  exposed  to 
a  temperature  of  5°F  (-15°C),  while  the  rest  of  the  body  was 
exposed  to  a  surrounding  temperature  of  70°-Q0°F  (21°-?’°C). 
Tests  were  made  immediately  after  the  subjects  began  the 
session,  when  finger- skin  temperature  dropped  to  65°F  (18°C), 
and  again  when  it  dropped  to  50°F  (10°C).  No  difference  in 
performance  was  found  when  the  total  body  was  exposed  to 
temperatures  of  15°F  (-9°C)  or  when  Just  hands  were  exposed 
to  5°F  (-150C)  while  the  body  remained  warm.  Performance 
on  both  tasks  was  found  to  decline  as  finger- skin  temperature 
decreased. 

A  series  of  experiments  by  LeBlanc  (1956)  indicated 
the  importance  of  keeping  the  forearm,  as  well  as  the  hand, 
warm  in  order  to  maintain  manual  dexterity  in  the  cold.  LeBlanc 
used  two  tests,  one  involving  maximal  flexion  of  the  joint  (90°) 
and  one  invo'ving  only  about  a  15°flexion.  Dexterity  was  tested 
under  conditions  where  only  the  arm,  only  the  hand,  or  only 
the  finger,  was  cooled,  The  decrement  in  manual  dexterity 
that  occurred  when  only  the  arm  was  cooled  indicated  that 
factors  other  than  increased  viscosity  of  synovial  fluid  were 
operating.  The  impairment  was  attributed  to  some  arm  muscle 
impairment.  Thr  author  concluded  that  impairment  would  be 
possible  even  when  the  body  was  cold  and  the  hands  were 
warm.  The  stiffness  in  joints  that  occurs  as  the  result  of 
increased  synovial  fluid  viscosity  was  considered  to  be  a 
prime  factor  in  loss  of  finger  dexterity  in  the  cold:  the  greater 
the  flexion  required  by  the  task,  the  greater  the  impairment. 

Coffey  (1955)  in  an  investigation  of  manual  dexterity 
and  joint  stiffness  found  that  manual  dexterity  declined  pro¬ 
gressively  as  joint  surface  temperature  dropped  below  6°C 
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(42.8°F)  There  was  a  concomitant  though  sharper  decline 
in  joint  flexibility. 

Provins  and  Clarke  (1960)  concluded  that  local 
cooling  of  the  hand  or  arm  produces  a  significant  decrement 
in  manual  dexterity  regardless  of  the  general  body  tempera¬ 
ture.  Cooling  of  the  hand  or  finger  probably  has  its  detriment- 
tal  effect  through  interference  with  joint  movement.  Forearm 
cooling  has  more  deleterious  effects,  probably  as  a  result 
of  increased  muscle  viscosity  of  the  long  flexors  and  extensors 
located  in  the  fingers. 

Clark  and  Cohen  (i960)  investigated  the  relationship 
between  manual  performance  and  the  rate  of  change  in  hand- 
skin  temperature.  Twenty  enlisted  men  performed  a  knot-tying 
task  while  their  hands  were  cooled  at  two  rates  and  then  re¬ 
warmed.  Only  the  hands  and  forearms  of  the  subjects  v/ere 
cooled,  while  body  temperature  remained  at  the  normal  level. 
The  experimental  data  revealed  that  slow  cooling  produced  a 
greater  performance  decrement  in  terms  of  increased  perfor¬ 
mance  time  than  did  fast  cooling .  The  rate  of  rewarming  was 
a  direct  function  of  the  rate  of  cooling .  The  performance  de¬ 
crement  produced  by  fast  warming  was  no  longer  evident  after 
rewarming  although  the  decrement  produced  by  slow  cooling 
persisted  oven  after  rewarming.  In  contrast  to  this  Teichner 
(1957)  found  that  performance  time  on  a  one-handed  turning 
task  of  the  Minnesota  ,9.  te  of  Manipulation  Test  was  not  af¬ 
fected  by  either  digital  cooling  rate  or  by  digital  temperature. 
The  author  suggested  that  impairment  in  the  cold  might  be 
related  to  an  inability  to  maintain  attention  on  the  task  than 
to  any  direct  physiological  factor. 

Clark  and  Cohen  (I960)  examined  manual  performance 
in  the  cold  as  it  was  influenced  by  training  conditions.  Thirty 
nude  subjects  were  given  3-weeks  of  training  on  a  standard 
manual  task  with  either  cold  hands  or  warm  hands.  One  group 
performed  each  day  with  cold  hands  (45°F  (7°C)  hand-skin 
temperature).  Another  group  performed  with  warm  hands  (90° 
f  (32°C)  hand- skin  tempera ture)cn  odd-numbered  days  and 
with  cold  hands  (-;5°F  hand-skin  temperature)  on  even-num¬ 
bered  days.  A  third  group  performed  the  first  ten  days  with 
warm  hands  and  the  remaining  five  days  with  cold  hands.  It 
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was  found  that  one  day  of  training  under  cold  conditions  was 
sufficient  to  reduce  the  decrement  in  performance  that  general¬ 
ly  occured  although  thermal  experience  beyond  this  had  no 
additional  beneficial  effects.  The  subjects  apparently  learned 
during  the  course  of  training  not  only  to  perform  the  task,  but 
to  perform  with  cold  or  warm  hands  specifically.  Thus  the 
thermal  conditions  became  an  Integral  part  of  the  stimulus 
complex. 


The  extremities  can  be  rather  effectively  insulated 
by  gloves  and  arctic  mittens,  but  those  that  have  been  avail¬ 
able  have  been  so  bulky  that  they  tend  to  hinder  the  performance 
of  tasks  requiring  fine  manual  dexterity.  In  this  case,  personal 
protective  equipment  merely  exchanges  one  source  of  perfor¬ 
mance  decrement  for  another  (MCCleary,  1953).  Karstens  (1963) 
also  indicated  that  when  mittens  and  gloves  have  to  be  removed 
periodically  in  aircraft  maintentence  work  requiring  finger  dex¬ 
terity,  the  result  is  a  substantial  loss  of  effective  working  time. 
Blair  and  Gottschalk  (1947)  similarly  found  performance  decre¬ 
ment  for  Signal  Corps  operators  wearing  arctic  uniforms  in 
environments  of  -130  to  -40°F  (-25°  to  -40°C). 

Decrement  in  performance  in  extreme  environments 
can  also  be  attributed  to  substantial  energy  expenditures  in¬ 
curred  in  coping  with  the  environment.  Rogers,  Setliff  and 
Klopping  (1964)  reported  that  a  solitary  survivor  in  a  sub¬ 
arctic  environment  can  be  expected  to  expend  from  50C0  to 
6000  Kcal  during  the  first  24  hours  in  which  he  undertakes 
survival  procedures.  This  caloric  cost  is  independent  of 
environmental  temperatures  as  low  as  -30°C  (— 22°F) .  The 
drastic  caloric  deficit  incurred  through  energy  expenditures 
of  this  nature  cannot  be  met  without  disastrous  exhaustion 
unless  the  individual  is  "thoroughly  fit.”  Performance  de¬ 
crement,  malaise,  and  discomfort  in  such  a  taxing  situation 
can  be  attributed  to  the  caloric  loss  as  well  as  to  "isotonic 
dehydraUon  and  its  consequent  hypovolemia  and  hemoconcen- 
tration . " 


Measures  for  counteracting  performance  decrement 
and  deterioration  in  cold  environments  are  many,  although 
none  of  them  is  completely  satisfactory.  Factors  instrumental 
in  increasing  tolerance  of  cold  stress  are  reviewed  later  in 
this  report. 
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SENSORY  MOTOR  TASKS 

Teichner  (1958)  found  that  low  ambient  temperatures, 
at  low  wlndspeed,  had  no  significant  effect  on  reaction  speed 
(the  reciprocal  of  reaction  time];  at  least  down  tc  -35°F  (-37°C) 
and  possibly  down  to  -50°F  (-46°C)  although  at  windspeeds 
greater  than  10  mph,  low  ambient  temperatures  resulted  in 
significant  decre  je  in  reaction  speed. 

Williams  and  Kitching  (1942)  tested  both  simple  and 
multiple  reaction  times  at  0°F  (-18°C)  (4  hour  exposure)  and 
at  -50°F  (-46°C)  (1-1.5  hour  exposure  oeriod).  The  data 
were  analyzed  according  to  best  10,  worst  10,  and  average 
of  the  50  trials.  Simple  reaction  time  at  0°F  (-1B°£A  showed 
little  change  in  the  best  10  trials  although  there  waS  some 
deterioration  at  the  worst  10.  Normal  temperatures  usually 
restored  the  performance  level.  At  -50°F  (-4fa°C),  for  two 
subjects  there  was  no  change  in  simple  reaction  time,  while 
in  the  other  five  there  was  a  sharp  decline,  evident  especially 
in  the  worst  10  times.  In  the  multiple  reaction  time  experiment, 
there  were  no  significant  changes  at  either  0°F  (-18°C)  or 
-50°F  (-46°C).  There  was  a  possibility,  however,  that  the 
deterioration  was  masked  by  an  end  effect.  Peacock  (1956) 
found  no  evidence  of  cold  stress  affecting  serial  reaction  time. 

Horvath  and  Freedman  (1947)  found  that  performance 
at  -20°F  (-29°C)  on  a  simple  visual  discrimination  task  reveal¬ 
ed  no  evidence  that  this  temperature  affected  speed,  precision, 
or  reaction  time.  Provins  and  Clarke  (19601  concluded  that 
reaction  time  performance  may  be  somewhat  unpaired,  particu¬ 
larly  under  conditions  where  local  cooling  of  the  hand  occurs 
and  something  more  than  light  pressure  is  required  to  make 
the  response.  This  implies  that  the  increase  in  reaction  time 
is  more  a  result  of  an  interference  with  the  response  modality 
than  with  the  sensory  modality.  Fulton,  as  reported  in  For- 
lano  (1950),  suggested  that  wjth  extended  exposure  to  cold 
that  is  sufficient  to  produce  a  drop  in  rectal  temperature,  both 
motor  performance  and  cereoral  activity  are  slowed  so  that  there 
is  a  decline  in  efficiency.  Provirss  and  Clarke  (1960)  found 
that  while  a  drop  In  body  temperature  can  increase  reaction 
time,  some  deterioration  in  performance  can  occur  without  a 
temperature  drop,  apparently  as  a  result  of  distraction  caused 
by  the  discomfort  of  the  cold. 
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Dehons  and  Chiles  (19S7)  Investigated  the  effects 
of  cold  on  psychophysical,  weight  judgment  at  temperatures 
of  70°  (21°C)  (control),  0°  (-18°C),  and  -25°F  (-32°C).  The 
variances  for  both  subjects  were  significantly  greater  at  0°F 
(-18°C)  and  for  one  subject  at  -25°F  (-32°C)  than  those  at 
70°F  (21°C).  This  was  considered  to  be  indicative  of  reduced 
sensitivity  for  both  subjects  at  0°F  (-18°C)  and  for  one  sub¬ 
ject  at  -25°F  (-32°C).  The  conclusion  was  that  weight  judg¬ 
ments  are  adversely  affected  at  low  temperatures  when  metal 
weights  are  used. 

A  number  of  studies  have  investigated  the  effects 
of  cold  stress  upon  tracking  performance.  Teichner  and 
Wehrkamp  (1954),  investigating  the  range  of  temperatures 
from  55°-100°F  (13°-3C°C)  in  15°  intervals,  noted  a  decline 
in  performance  both  above  and  below  70°F  (2l°C).  The  data 
suggested  a  more  marked  decline  at  the  lower  than  at  the  higher 
temperatures,  indicating  that  cold  stress  might  be  more  detri¬ 
mental  to  tracking  performance  than  heat  stress.  Teichner 

and  Kobrlck  (1955)  found  that  performance  on  the  pursuit  rotor 

o  o 

showed  an  immediate  and  marked  decline  at  55  F  (13  C)  as 
compared  to  75°F  (24°C),  which  showed  some  improvement 
but  never  regained  the  level  attained  under  optimal  conditions. 
Visual-motor  performance  was  impaired,  apparently  as  a  result 
of  reducing  the  final  performance  level  rather  than  interfering 
with  the  rate  or  limit  of  learning. 

Russeil  ( 1  'J 5 7 )  investigated  both  free-movement 
and  pressure  control  tracking  tasks  and  found  the  range  of 
effective  temperatures  for  them  differed.  Pressure  tracking 
showed  impau.nent  at  temperatures  below  68°F  (2  33C),  while 
movement  tracking  was  not  affected  adversely  until  tempera¬ 
tures  dropped  to  50°F  (10°C).  Newton  (1957)  tudied  the 
possible  difference  in  cold  sensitivity  of  pressure  and  move¬ 
ment  tracking.  Measures  were  taken  at  a  control  tempera¬ 
ture  of  24°C  (75°F)  and  at  .emperatures  of  0°,  -5°,  -10°, 

-15°,  and  -20°C  (.2°,  23°,  14°,  -s°F).  An  analysis 

o'  the  data  revealed  that  an  interaction  between  temperature 
conditions  and  task  conditions  did  occur,  but  only  when  in¬ 
dividual  differences  among  subjects  were  considered.  There 
were  no  main  effects  due  to  differences  in  ambient  tempera¬ 
ture,  although  these  could  have  been  masked  by  the  interaction 
effects . 
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The  effects  of  cold  temperatures  on  a  manual 
coordination  task,  in  which  a  light  was  followed  with  a 
writing  pen,  the  movements  of  which  were  controlled  by 
two  rotary  handles,  were  studied  by  Williams  and  Kitching 
(1942).  The  subjects  performed  for  15  minutes  at  tempera¬ 
tures  of  -3°  to  8°F  (-19°  to  -13°C)  during  the  test  period 
or  at  30°-50°F  (-1°-10°C)  in  the  control  period.  The  sub¬ 
jects  were  allowed  to  warm  their  hands  during  rest  intervals 
of  15  minutes.  No  significant  deterioration  was  noted  in 
the  performance  levels  under  these  conditions.  it  is  possible 
that  such  factors  as  absence  of  other  stressors,  (i.e.  fatigue), 
the  simple  task,  and  the  opportunity  to  warm  the  hands  pre¬ 
vented  the  effects  of  cold  to  manifest  themselves. 

Payne  (1959)  investigated  the  possible  Influence 
of  body  heat  loss  on  tracking  proficiency  and  the  ameliorative 
effects  of  glycine.  There  were  three  temperature  conditions: 

70°,  55°,  or  40°F  (21°,  13°,  4°C);  and  three  drug  conditions: 

20  gm.  glycine,  40  gm.  glycine,  or  2  gm.  saccharin  in  solu¬ 
tion.  After  50  minutes  of  work  the  ‘•:C°F  (4°C)  groups  displayed 
the  sharpest  decline  in  performance  level,  while  the  j5°F 
(13°C)  groups  displayed  the  greatest  efficiency.  The  glycine 
treatment  produced  no  reduction  of  impairment. 

MENTAL  TASK  PERFORMANCE 

Less  emphasis  has  been  placed  upon  the  investigation 
of  mental  performance  under  low  ambient  temperatures  than  on 
phvsica1  performance  under  the  same  conditions  Torrance 
(unpublished  manuscript)  reported  the  effect  of  cold  on  a 
verbal  recall  task.  A  group  of  men,  briefed  in  the  open  air 
at  0°K  (-13°C)  was  allowed  to  rewarm  before  the  verbal  recall 
task.  The  gr^up  allowed  to  rewarm  recalled  about  twice  as 
much  as  the  group  not  allowed  to  rewarm. 

Horvath  and  Freedman  (1947)  administered  th  •  Johnson 
Code  Test  to  22  men  living  m  a  cold  chamber  lor  8  to  14  days. 
Although  the  Code  Test  was  a  moasur.  ol  mental  pertormance. 

U  inevitably  measured  manual  .exterity,  as  it  ,s  a  paper  and 
pencil  instrument.  Performance  was  found  to  be  much  poorer 
at  -20°F  (~29°C)  than  at  a  temperature  of  72°F  (22°C).  The 
decrement  at  low  r  temperatures  was  attributed  by  the  investiga¬ 
tors  to  be  reduced  manual  dexterity  rather  than  tc  deterior¬ 
ation  of  mental  performance. 
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SECTION  5.  DETERIORATION  OF  MORALE  AND  AFFECTIVE 
DISORDERS  UNDER  COLD  STRESS 


Isolated  cases  of  cold  neurosis  have  been  cited 
in  the  literature  of  cold  stress  (Macfarlane,  1963).  Inci¬ 
dents  of  deterioration  of  morals,  anxiety,  increased  irrita¬ 
bility,  depression,  sleep  loss,  and  personal  untidiness  in 
extremely  cold  environments  {military  and  scientific  arctic 
missions)  have  also  been  reported  (Reldy,  1960). 

Burns  (19<;5)  studied  325  psychiatric  casualties 
among  military  personnel  ir.  the  Aieutlon  Inlands.  Of  the 
325  cases  80  per  cent  were  found  to  have  exhibited  various 
psychiatric  symptoms  before  entering  the  service.  There¬ 
fore,  in  most  of  these  cases  the  hardships  and  stresses  of 
the  environment  were  assumed  to  have  precipitated  the  psycho- 
neuroses  in  individuals  predisposed  to  neuropsychiatric  dis¬ 
orders.  Although  complaints  about  the  climate,  the  monotony 
and  the  value  of  the  work  being  done,  isolation  from  families 
and  civilization,  and  poor  prospect  for  rotation  were  rife.  Burns 
did  not  consider  any  of  the  factors  to  be  crucial  stressors . 

He  concluded  that  men  with  well  integrated  personalities  with¬ 
stood  the  tour  of  duty  in  the  arctic  very  well.  Individuals 
with  such  adverse  early  background  influences  as  broken 
homes,  death  of  parents,  strict  discipline,  and  the  like  were 
found  more  susceptible  to  psychiatric  disorders.  He  recom¬ 
mended  lectures  on  mental  hygiene,  on  the  importance  of 
the  mission,  and  on  understanding  and  accepting  attitude  on 
the  part  of  line  officers  toward  the  men,  as  preventive  and 
therapeutic  procedures  to  lessen  the  incidence  of  neuro- 
psychiatric  problems  on  arctic  posts. 

On  the  whole,  despite  common  belief,  it  is  sig¬ 
nificant  that  informed  scientific  opinion  is  skeptical  con- 
ces  ting  any  direct  relation  of  neuropsychiairtc  behavioral 
manifestations  to  the  effects  of  the  cold  environment.  In 
most  cases  individuals  exhibiting  symptoms  reported  were 
weh- protected  from  the  cold.  The  uncontrolled  effects  of 
fear,  remoteness,  isolation,  confinement,  interpersonal 
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friction,  and  lack  of  affective  leadership  have  been  judged 
to  have  contributed  more  to  deterioration  of  personal  habits, 
behavior,  and  morale  than  the  cold  environment  per  se.  In 
most  cases  the  individuals  exhibiting  deteriorating  tendencies 
could  be  sa.'d  to  have  adjusted  poorly  to  their  respective 
situations  ar;d  would  probably  have  exhibited  the  same 
symptoms  unoer  other  stresses  in  those  situations.  Such 
difficulties  may  involve  the  physiological  mechanisms  of 
thermal  adjustment,  but  It  is  generally  recognized  that  poor 
psychological  adaptation  is  not  necessarily  indicative  Oi 
poor  physiological  adaptation  to  the  colo. 
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SECTION  6.  SUPPORTIVE  AND  PROTECTIVE  MEASURES 
IN  RELATION  TO  COLD  STRESS 


Several  means  of  protecting  the  human  organism 
and  enhancing  task  performance  in  cold  environments  have 
been  studied  Intensively.  These  range  from  physiological 
acclimatization,  through  clothing  and  diet,  to  selection  of 
HfltH  individuals,  and  group  dynamics.  The  following  sections 
review  some  measures  that  have  been  found  useful  in  pre¬ 
paring  the  human  organism  for  cold  stress  as  well  as  means 
and  devices  that  have  a  salubrious  and  positive  effect  on 
task  performance  and  mission  accomplishment. 

ACCLIMATIZATION 

As  mentioned  earlier,  the  maintenance  of  high 
body  temperatures  while  functioning  in  low  ambient  tem¬ 
peratures  is  crucial  to  survival  and  comfort  in  cold  envir¬ 
onments.  The  adjustment  of  physiological  functions  to  cold 
environment,  with  resulting  increased  capacity  to  withstand 
low  temperatures,  is  known  as  acclimatization.  The  pro¬ 
cess  cf  acclimatization  utilizes  fine  and  complex  mech¬ 
anisms,  the  cellular  basis  of  which  Is  not  yet  well  under¬ 
stood  (Macfarlane,  1963),  Acclimatization  is  usually 
achievec  within  one  week,  but  two  or  three  *re  generally 
necessary  to  reach  a  stejdy  state.  At  the  outset  of  ac¬ 
climatization,  the  physiological  compensatory  responses 
reviewed  in  the  preceding  pages  are  manifest.  Shivering, 
peripheral  vasoconstriction,  increased  venous  pressure, 
diuresis,  accelerated  thyroid  and  adrenal  cortical  hormone 
production,  "hunting'  oscillation  of  finger  blood  flow  (See 
discussion  below  of  tests  tor  thermoreguiati ve  efficiency), 
and  increased  oxygen  consumption  depict  the  pattern  of 
physiological  reaction  to  cole  stress. 

In  the  unacclitrstlzeri  individual,  despite  these 
responses  to  maintain  botiy  heat,  conservation  of  normal 
oody  temperature  is  not  as  effective  as  in  the  fuUy  ac¬ 
climatized  individual.  The  acclimatized  organism  wastes 
considerably  less  heat  than  the  unacciimatiz ed  (M.  cfariane , 
1963).  Acclimatization  is  indicated  as  a  cardiovascular . 
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endocrine,  and  renal  emergency  activation  become  less 
and  lets  manifest.  The  initial  Increased  output  of  adrenal 
and  thyroid  hormones,  elevated  blood  pressure  and  diuresis, 
shivering.  Increased  oxygen  consumption,  and  vasoconstruction 
start  diminishing .  Macfarlane  pointed  out  that  this  pattern 
of  sudden  increase  and  gradual  decrease  in  emergency  re¬ 
actions,  specifically  endocrine  output,  is  the  same  as  that 
which  the  organism  manifests  in  response  to  a  variety  of 
stressors.  As  the  initial  overswing  upon  exposure  to  cold 
stress  gradually  subsides  the  individual  is  said  to  be 
acclimatized. 

Davis  (1961a,  1961b,  1961c,  1962),  in  a  ser.es 
of  meticulous  and  painstaking  studies,  investigated  the 
process  and  effects  of  acclimatization.  He  demonstrated 
that  acclimatization  was  more  efficient,  faster,  and  re¬ 
tained  longer  when  subjects  were  exposed  to  low  tempera¬ 
tures,  unclothed  and  unprotected,  in  cold  chambers.  Because 
this  method  involved  scheduled  exposure  and  utilized  cold 
chambers,  rather  than  "natural  exposure  in  the  daily  course 
of  living  in  cold  climate,  Davis  referred  to  it  as  "artificial" 
acclimatization.  While  natural  acclimatization  to  cold  was 
found  to  be  lost  in  the  summer  months,  artificial  acclimati¬ 
zation  was  retained  through  the  summer  into  the  next  winter. 
Studies  at  Fort  Knox  and  in  Alaska  shoved  that  individuals, 
appropriately  clothed  for  their  dally  living,  failed  to  acclima¬ 
tize  fully,  although  they  did  so  to  the  same  extent,  Irrespec¬ 
tive  of  the  range  of  daily  environmental  temperatures.  Thus, 
lust  living  in  cold  environment  (Alaska)  was  not  sufficient 
to  Induce  full  acclimatization  even  when  it  occurred  under 
natural  living  conditions.  It  seems,  therefore,  that  artifi¬ 
cial  acclimatization  to  cold  has  definite  advantages  over 
natural  acclimatization. 

Several  indices  of  acclimatisation  have  been  used 
separate’’/  or  together  by  different  investigators.  These  have 
rangeo  from  skm  and  rectal  temperature,  peripheral  circula¬ 
tion,  and  shivering,  to  subjective  feelings  of  comfort. 

Oxygen  conservation,  heat  production,  and  changes  in 
enzyme  and  endocrine  systems  have  also  been  utilized  as 
indices  of  acclimatization.  Davis  (1361a)  found  the  most 
desirable  index  of  acclimatization  to  be  shivering,  which 
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decreased  significantly  in  subjects  artificially  acclimatized 
In  cold  chambers.  Rectal  temperature  showed  a  significant 
decrement  as  a  result  of  acclimatization  in  one  stud/,  yet 
in  other  investigations  by  D-vls  this  index  failed  to  show 
consistent  changes. 

Davis  reported  no  meaningful  changes  tn  skin 
temperature  of  any  area  of  the  body  as  a  result  of  acclima¬ 
tization  procedures.  Milan  et  al.  (1961),  on  the  other  i.rnd, 
investigating  the  physiological  responses  of  naturblly 
acclimatized  individuals  in  the  antarctic,  observed  an  in¬ 
crease  in  skin  and  foot  temperatures  over  the  year,  but 
found  no  difference  in  rectal  and  finger  temperatures.  Mani¬ 
fest  decrease  in  shivering  from  fall  to  winter  and  spring  was 
evident. 


Seasonal  variation  in  acclimatization  to  cold  is 
an  important  variable  to  be  considered  .n  both  natural  and 
artificial  cold  acclimatization.  In  naturally  acclimatized 
subjects  seasonal  cold  acclimatization,  as  indicated  by  Davis, 
reaches  its  maximum  around  March  and  is  at  its  minimum  in 
September.  D-vi$  (1961a)  found  a  significant  decrease  tn  heat 
production  in  nude  subjects  exposed  to  cold  in  the  summer,  but 
no  change  in  heat  production  in  subjects  artificially  acclimatized 
in  the  winter.  These  findings  indicate  that  the  winter  group 
started  its  artificial  acclimatization  with  a  lower  level  of 
heat  production  than  did  the  summer  group.  In  both  groups, 
however,  heat  production  remained  above  basal  level  through¬ 
out  the  duration  or  the  experiments.  The  decrease  and  eventual 
cessation  of  shivering,  and  the  high  heat  production  despite 
the  cessation  of  shivering  are  interpreted  by  Davis  as  evidence 
for  mechanisms  of  nonshiveriny  heat  production. 

Studies  of  cold  endurance  and  task  performance 
of  acclimatized  subjects  have  been  given  less  attention 
than  they  deserve.  Lagan  (1962),  measuring  resistance 
to  finger  cooling,  observed  that  mountaineers,  who  had 
undergone  extensive  cold  exposure  for  days  on  N't. 

McK  nley,  and  Lskimos  living  in  Northern  Alaska  were 
able  to  withstand  the  exposure  better  then  the  control 
subjects.  Some  of  the  mountaineers  who  had  not  suttered 


29 


cold  Injury  maintained  more  economical  finger  temperatures 
than  the  Eskimos.  Miller  and  Irving  (1962)  reported  that 
Eskimos  heve  higher  minimal  and  terminal  finger  tempera¬ 
tures  than  whites;  in  addition,  ‘'unaccustomed"  white  men 
experienced  marked  discomfort  to  hand  cooling  as  compared 
with  Eskimos  and  whites  accustomed  to  cold. 

Nelms  and  Soper  (1962)  found  higher  finger 
temperatures  both  during  vasoconstriction  and  vasodila¬ 
tion  in  experienced  fish  fllleters  than  in  controls,  when 
their  hands  were  Immersed  in  cold  water.  Some  control 
subjects  fainted,  others  experienced  considerable  pain, 
whereas  the  fllleters  were  unaffected.  Tromp  (1963,  p. 

241)  reported  an  experiment  by  Glaser  and  Whlttow  (1957) 
in  which  the  pain  and  rise  in  blood  pressure  induced  by 
bond  immersion  in  icy  waier  diminished  and  were  eventually 
lost  after  repeated  immersions ,  It  appears  that  people 
exposed  to  strong  fluctuations  in  temperature  develop  an 
efficient  skin  temperature  control  mechanism  and  adapt 
readily  to  ccld.  Davis  (1961a)  observed  that  subjects 
acclimatized  in  the  cold  chamber  were  able  to  fall  asleep 
under  testing  conditions. 

All  these  studies  indicate  that  cold  tolerance 
at  the  extremities  is  increased  by  acclimatization.  It 
is  reasonable  to  state  that  acclimatized  individuals  will 
not  experience  as  much  distress  under  cold  as  unaccllma- 
tized  persons  and  will  be  able  to  perform  tasks  more  satis¬ 
factorily  . 


The  occurr.nce  of  cross-adaptation,  including 
increased  tolerance  of  cold  as  a  result  of  acclimatization 
to  heat  and  vice  versa,  has  oeen  mentioned  by  Trumbull 
(196-1).  The  basis  for  and  existence  of  such  a  mechanism 
have  been  brought  into  question,  however,  by  the  wor*.  of 
Davis  (1961a),  Niacfarlane  (19C3),  and  others .  \ccordlng 
to  these  investigators  there  seems  to  be  no  evia  -nee  that 
h*at  exposure  atfects  cold  acclimatization  either  favorably 
or  adversely,  or  ’hat  cold  exposure  increases  tolerance  to 
heat  stress.  In  a  related  study,  Barnett  (1961)  reported 
that  body  heating  prior  to  cold  exposure  is  ineffective  m 
extending  tolerance  to  extreme  cold. 
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Tromp  (1963,  p.  231)  indicated  that  temperatures 
found  uncomfortably  warm  in  the  winter  are  bearable  in  the 
summer  because  of  acclimatization  to  higher  temperature 
in  the  summer.  Conversely,  temperatures  experienced  as 
cold  in  the  summer  are  found  tolerable  in  the  winter.  If 
anything,  such  phenomena  suggest  the  opposite  of  cross¬ 
adaptation.  The  diminution  and  loss  of  cold  acclimatization 
over  the  summer  appear  to  be  related,  not  to  the  presence  of 
heat,  but  rather  to  the  absence  of  cold  (Davis,  1361a). 

On  the  basis  of  all  the  evidence  available  it 
thus  appears  most  likely  that  the  physiological  processes 
of  heat  and  cold  acclimatization  are  independent,  that  they 
do  not  influence  one  another,  yet  that  they  can  coexist 
within  the  same  organism.  These  physiological  processes 
are  also  independe .  i:  of,  but  interact  with/ psychological 
processes  of  accustomization,  habituation,  and  adjustment 
to  places,  climates,  diets,  tasks,  social  situations,  surrounds, 
and  routines.  Davis  (1361a)  emphasized  that  although  mani¬ 
fest  physiological  changes  occur  in  acclimatization,  it  would 
be  presumptuous  to  overlook  the  roles  of  psychological  habi¬ 
tuation  and  accustomization  in  the  general  process  of  acclima¬ 
tization. 


To  recapitulate  the  practical  and  applied  aspects, 
artificial  acclimatization  appears  to  be  an  effective  way  of 
increasing  the  cold  tolerance  of  individuals  and  of  helping 
them  to  perform  more  effectively  under  cold  stress. 

DIET 


Cold  stress  and  acclimatization  have  been  shown 
to  affect,  among  other  things,  the  endocrine  system,  enzymes, 
and  metabolism  of  the  body.  Torrance  (unpublished  manu¬ 
script)  reported  a  greater  tendency  to  eat  fats  in  colder 
climates  and  found  that  pemmican  was  more  acceptable 
as  a  comestible  in  severe  weather  conditions,  Milan  and 
Rodahl  (lOol)  reported  an  increased  avidity  for  fat  in  person¬ 
nel  at  an  antarctic  base. 

Rodahl,  Horvath  et  al.  (1961)  studied  the  effects 
of  four  different  diets  on  physical  performance  capacity  at 
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temperatures  of  22°C  and  8°C  (71°F  and  46°F).  At  an 
ambient  temperature  of  22°C  (71°F)  no  significant  dif¬ 
ferences  were  found  among  the  four  diets .  At  ambient 
temperatures  of  8°C  (46°F)  marked  deterioration  on  the 
treadmill  test  occurred  in  subjects  living  on  a  diet  defi¬ 
cient  in  calories  and  proteins.  Tromp  (1963,  p.  242) 
reported  that  Vitamin  C  increases  resistance  to  coid  stress 
and  facilitates  adaptation  by  increasing  the  activity  of 
the  adrenal  glands . 

Kreider  (1961)  found  that  composition  of  diet 
had  no  effect  on  rectal,  skin,  and  tc  ■  temperatuies  at 
ambient  temperatures  of  30°F  (-1°C).  Milan  and  Rodahl 
(1961)  observed  that  the  percentage  of  clones,  proteins, 
and  fat  furnished  to  antarctic  personntu  in  Little  America 
was  not  different  from  that  of  U.  S.  troops  stationed  else¬ 
where.  These  investigators  attributed  part  of  the  avidity 
exhibited  by  antarctic  personnel  to  the  function  that  eating 
might  serve  in  alleviating  the  tedium  of  long  isolation.  The 
increased  caloric  intake  observed  in  cold  and  isolated 
climes  might  be  a  resultant  of  both  physiological  and  psy¬ 
chological  needs. 

Rogers,  Satiiff,  and  Klopping  (1964K  in  in¬ 
vestigating  the  calorie  cost  in  simulated  subarctic  situ¬ 
ations,  found  the  calorie  expenditure  to  be  principally 
determined  by  the  physical  task  undertaken  rather  than 
by  the  environmental  temperature,  when  the  temperature 
was  above  -30°C  (-22°F). 

In  general,  this  review  of  the  lit  rature  indicates 
that  the  evidence  concerning  the  value  of  special  diets  as  a 
means  of  increasing  cold  tolerance  is  at  best  equivocal. 

The  importance  of  proper  calorie  and  water  intake,  however, 
cannot  be  gainsaid  even  if  the  use  of  diets  of  special  com¬ 
position  is  of  doubtful  value. 

CLOTHING  AND  SHELTER 

Insulation  is  a  very  important  measure  in  counter¬ 
acting  cold  stress.  Where  adequately  heated  buildings  can 
be  constructed,  protection  can  be  satisfactorily  achieved  and 
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cold  stress  presents  no  immediate  problem  to  individuals 
working  and  living  indoors.  Denley  (1957)  found  that 
even  a  pneumatic  shelter  raft  can  be  a  satisfactory  shelter 
for  emergencies  and  for  short  temporary  missions  in  the 
Arctic.  The  problems  associated  with  confined  living  ar¬ 
rangements,  however,  are  major,  although  largely  psycho¬ 
logical.  As  stated  before  boredom,  isolation,  and  confine¬ 
ment  increase  the  irritability  of  personnel.  Deterioration 
of  morale  is  noticed.  Means  of  alleviating  these  tensions 
are  discussed  below. 

The  standard  clothing  designed  for  arctic  personnel 
has  been  well  investigated.  The  types  of  cloth  favored  for 
protective  arctic  garments  are  those  that  have  the  property 
of  maintaining  still  air  in  the  interstices  and  that  prevent 
air  from  moving  within  or  passing  through  (Renbourn,  1963). 
Mayer  (1960)  found  that  insulated  underwear  of  100  per 
cent  nylon  with  polyester  provided  the  person  with  adequate 
comfort  im  temperatures  of  -35°F  (-37°C)  without  wearing 
an  arctic  parka.  The  nylon  underwear  was  worn  with 
waffle-weave  underwear,  MA-1  jacket  with  hood,  pile 
cap,  two  pairs  of  ski  socks,  one  pair  of  cushion  sole 
socks,  CWU/lp  coveralls ,  and  mittens.  Skrettingland 
et  al.  (1961)  evaluated  the  boots  worn  with  cold  environments 
and  found  the  chippewa  boot  adequate  for  ambient  tempera¬ 
tures  of  -12°C  (10°F).  Veghte  (1964)  found  the  parka  hood 
adequate  without  face  mask  in  temperatures  of  -62°C  (-79°F) 
for  40  to  50  minutes.  The  coldest  skin  temperature  was  7°C 
(44°F)  and  no  pain  was  experienced  by  subjects. 

Despite  the  adequacy  of  arctic  clothing,  the 
maintenance  of  temperature  in  the  extremities  above  critical 
levels  is  still  a  problem.  Martorano  (1961),  in  evaluating 
divers'  suits  for  maintenance  of  body  temperature,  observed 
that  the  rate  and  degree  of  cooling  of  the  extremities  were 
directly  related  to  the  thickness  of  insulation  over  these 
areas.  Unfortunately,  as  mentioned  above,  Skrettingland 
(1961)  and  others  have  reported  that  tasks  requiring  finger 
dexterity  are  impossible  to  accomplish  with  the  hands  en¬ 
cased  in  arctic  mittens  and  no  satisfactory  solution  has 
been  found  to  the  problem  of  performing  a  fine  manual 
dexterity  task  in  extreme  cold  while  keeping  the  hands 
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warm  at  the  same  time.  As  Veghte  (1961)  has  shown, 
adequate  insulation  of  the  body  does  not  ameliorate  cold 
tolerance  in  the  extremities.  Veghte' s  work  did  demon¬ 
strate  ,  however,  that  with  the  extremities  protected,  the 
rest  of  the  body,  with  the  exception  of  the  ears,  could 
tolerate  temperature  as  low  as  -18°C  (-4°F)  for  93  minutes  when 
thermistor  underwear  was  worn. 

The  maintenance  of  adequate  skin  temperature 
at  the  extremities  is  thus  a  problem  that  requires  further 
investigation.  Karstens  (1963)  remarked  that  vasoconstric¬ 
tion  and  loss  of  dexterity  occur  regardless  of  the  amount 
of  mittens  and  gloves  worn.  For  aircraft  maintenance  crews 
working  in  cold  environments ,  Karstens  found  periodic  re¬ 
warming  of  the  extremities  and  the  body  in  a  shelter  to  be 
a  tolerable,  if  not  satisfactory,  remedy.  Mobile  shelters 
placed  over  parts  of  aircraft  have  also  been  found  tu  pro¬ 
vide  reasonably  adequate  support  in  protecting  maintenance 
crews  from  the  cold. 

In  conclusion,  it  can  be  remarked  that  when  the 
task  is  not  hazardous  and  demanding  and  the  individual  is 
well  insulated,  the  limiting  factor  in  cold  tolerance  appears 
to  be  the  temperacure  of  the  extremities.  If  a  satisfactory 
means  of  protecting  them  could  be  found,  performance  at 
extremely  low  temperatures  could  be  greatly  extended. 
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SECTION  7.  INDIVIDUAL  DIFFERENCES  AND  TOLERANCE 

OF  COLD 


Individuals  differ  in  the  extent  to  which  they 
experience  comfort  and  distress  in  the  same  environmental 
circumstances .  In  the  same  ambient  temperature  some 
complain  of  warmth,  while  others  fret  about  cold.  Some 
of  these  differences  in  experience  can  be  accounted  for 
by  adaptation,  acclimatization,  and  habituation.  However, 
a  substantial  portion  of  this  variance  might  eventually  be 
accounted  for  by  efficiency  and  plasticity  in  physiological 
mechanisms  of  adaptation,  physical  fitness,  personality 
and  motivational  differences,  and  other  physical  and  social 
stimuli  in  the  environment  alleviating  or  aggravating  indi¬ 
vidual  feelings  and  complaints  about  cold. 

DIFFERENCES  IN  PHYSIOLOGICAL  THERMOREGULATION 

Considerable  differences  have  been  found  in 
thermoregulation  in  relation  to  age  (Tromp,  1963,  p.  229). 
In  infants  thermoregulatory  mechanisms  are  not  fully  de- 
veloped,and  body  temperature  is  closely  related  to  fluc¬ 
tuations  in  ambient  environmental  temperature.  Thermo¬ 
regulatory  control  is  attained  within  two  years  (Adams, 
1960).  Buchanan  end  Hiil  (1947),  as  reported  by  Adams, 
found  a  positive  relationship  between  ability  to  regulate 
body  temperature  and  the  development  of  myelinization 
in  the  hypothalamus .  In  the  old,  likewise,  thermoregu¬ 
lation  becomes  poorer.  Their  circulation  is  feeble, and 
their  adaptive  capacity  to  change  in  ambient  temperature 
becomes  inadequate  (Tromp,  1963,  p.  229).  Most  normal 
adults  have  efficient  thermoregulatory  mechanisms, and 
until  now  selection  of  arctic  and  antarctic  personnel  by 
testing  for  thermoregulatory  efficiency  has  not  been 
deemed  important.  Tromp  (1963,  pp.  252-255)  listed 
the  following  tests  of  theimoregulatory  efficiency  of  the 
human  body: 


a.  Hunting  reaction  of  Lewis.  Normally,  the 
temperature  of  a  finger  immersed  in  ice  water 
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drops  to  0°C  (32°F)  at  first.  A  few  minutes  later, 
however,  .he  temperature  of  the  finger  starts 
periodic  fluctuation  between  0°C  (32°F)  and 
5-6°C  (41-43°F).  Deviation  from  this  pattern 
of  rises  and  falls  can  be  accepted  as  an  index 
of  a  less  than  normally  effective  thermoregula¬ 
tory  mechanism.  It  is  most  important  to  deter¬ 
mine  rhe  normal  pattern  of  the  Hunting  reaction 
(and  for  the  other  tests  listed  below)  for  all 
age  groups  in  different  climatological  areas  to 
set  up  norms  for  this  test. 

b.  Bedford's  air-cooling  test.  The  rise  and  fall 
of  the  temperature  of  the  forehead  are  measured 
when  an  electric  fan  is  activated.  Deviations 
from  the  normal  pattern  are  observed. 

c.  Water-bath  test.  The  subject  reclines  in 

a  chamber  with  an  ambient  temperature  of  20°C 
(68°F)  and  a  relative  humidity  of  50  per  cent. 

The  skin  temperature  of  the  body  is  recorded 
at  several  places,  such  as  forehead,  cheek, 
and  finger.  Upon  stabilization  of  the  skin  tem¬ 
perature  a  reflex  vasodilation  of  the  arterioles 
is  induced  by  immersing  the  feet  in  a  warm  bath 
of  45°C  (113°F).  The  time  between  immersing 
the  feet  and  the  first  change  in  finger  temperature, 
as  well  as  the  rate  at  which  the  finger  temperature 
increases  and  the  final  temperature  is  reached, is 
recorded.  After  the  feet  have  been  taken  out  of 
the  bath, similar  observations  are  made.  Tromp 
recommends  that  the  same  procedure  should  be 
followed  wich  water  at  10oc  (50°F),  5°C  (41°F), 
and  0°C  (32°F). 

d.  Blood  pressure  test.  Upon  immersion  of  the 
hand  in  cold  water  the  rise  of  blood  pressure  is 
recorded  by  means  of  a  sphygmotonograph.  The 
rate  of  increase  in  pressure  and  the  pattern  of 
the  recovery  curve  are  different  for  individuals 
with  poor  thermoregulative  mechanisms. 
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e.  Blood  flow  test.  Five  cubic  centimeters  of 
the  third  finger  of  the  right  hand  are  enclosed 
in  the  cup  of  a  plethysmograph,and  the  changes 
in  the  pattern  of  blood  flow  after  Immersion  in 
water  are  studied.  Persons  having  poor  tempera¬ 
ture  control  mechanisms  are  expected  to  deviate 
from  normals. 

f.  Habituation  test.  When  the  tests  cited  above 
are  repeated  daily, the  reaction  to  cold  diminishes 
gradually  and  may  even  disappear.  Even  after  an 
interval  of  a  few  days  little  or  no  response  is 
observed.  Upon  renewing  the  test,  persons  with 
a  poor  ability  to  adapt  and  acclimatize  to  cold 
show  a  different  pattern  of  habituation. 

g.  Diuresis  test.  In  people  with  normal  thermo- 
regulative  mechanisms  a  sudden  drop  in  environ¬ 
mental  temperature  is  usually  accompanied  by 
diuresis,  an  increase  in  17-ketesteriod  secretion 
and  pH,  and  a  decrease  in  chlorine  secretion. 
According  to  Tromp,  a  deviation  in  the  diuresis 
curve  is  indicative  of  a  disturbed  thermoregulative 
process.  Several  other  aspects  of  the  situation 
should  be  well  investigated  and  controlled  when 
using  the  diuresis  test.  The  fluid  intake  of  the 
person  should  be  recorded  prior  to  the  test.  This 
observation  should  start  four  weeks  before  the 
test.  As  diuresis  is  affected  by  the  adrenal 
cortex,  it  is  desirable  to  take  an  adreno-cortical 
efficiency  test. 

Despite  the  variety  of  methods  to  test  thernoregu- 
iative  efficiency,  none  of  these  has  been  standardized, and 
population  norms  have  not  been  obtained.  In  addition,  fre¬ 
quently  observed  devia Lions  from  the  normal  have  not  been 
adequately  described.  The  need  for  extensive  investigation 
in  this  area  is  manifest. 

In  an  attempt  to  predict  performance  under  cold 
stress  from  physiological  measures  of  skin  temperature, 
McCleary  ( 1 U 5 3 )  divided  subjects  into  two  groups  on  the 
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basis  of  digital  6kin  temperatura  under  ambient  temperatures 
of  0°,  -106,  -20°  and  -40°f  (-18°,  -23°,  -29°,  and  -40°C) 
in  a  cold  chamber.  The  high  skin  temperature  group  completed 
the  assigned  manual  dexterity  task  more  rapidly  than  the  low 
skin  temperature  group.  This  result  red  McCleary  to  suggest 
that  skin  temperature  might  be  a  proper  predictor  of  perfor¬ 
mance  in  the  cold.  A  "sensitivity  index"  derived  by  calcu¬ 
lating  the  ratio  of  the  digital  skin  temperature  when  the  sub¬ 
ject  reported  "cold,"  to  the  time  that  it  took  to  reach  this 
temperature  after  the  onset  of  exposure,  was  found  to  be  a 
fairly  satisfactory  discriminator  of  time  taken  to  complete 
the  dexterity  task  in  the  cold  chamber.  The  replication 
of  this  study  with  a  larger  sample,  in  different  climatic 
zones,  with  several  predictors  (e.g.  shivering,  skin  tempera¬ 
ture  in  various  parts  of  the  body)  and  additional  performance 
criteria  (e.g.  manual  dexterity  task,  verbal  learning  and  re¬ 
call,  problem  solving,  reaction  time)  would  be  a  worthwhile 
undertaking . 

PHYSICAL  FITNESS 

Data  on  the  ability  of  the  "physically  fit"  man  to 
withstand  cold  better  than  the  unfit  individual  are  meager 
despite  the  general  acceptance  of  the  concept.  One  of  the 
apparent  problems  in  this  area  is  the  definition  and  quanti¬ 
fication  of  measures  of  physical  fitness. 

The  available  literature  indicates  that  a  physically 
fit  person  performing  well  in  temperate  climes  will  net  neces¬ 
sarily  perform  as  well  in  arctic  and  subarctic  weather.  The 
point  of  view  suggested  is  that  the  particular  kind  of  physical 
fitness  required  to  combat  ''old  stress  is  that  which  is  ac¬ 
quired  through  acclimatization,  conditioning  and  training. 

A  person  in  good  health  is  not  necessarily  physically  fit 
to  withstand  the  rigors  of  arctic  weather  unless  he  is  adapted 
to  it,  Lagan  (1S52)  found  no  correlation  between  measures 
of  physical  fitness  and  resistance  to  finger  cooling. 

A  robust  and  physically  (if"  person  might  show 
poorer  or  better  resistance  to  cold  stress  depending  on 
such  factors  as  morale,  exposure,  isolation,  fear,  and 
task  load.  The  interaction  of  numerous  parameters  in  de¬ 
termining  stress  tolerance  is  an  everpresent  problem. 


38 


MORPHOLOGY 

Davis  (1961a)  reported  more  than  average  shivering 
in  two  subjects  who  could  be  classified  as  ectomorphs.  Fine 
and  Gaydos  (1953)  found  that  heavy,  big  men  felt  warmer 
during  cold  stress  than  lightweight, small  men.  Small  men, 
however,  showed  faster  recovery  rates  than  big,  heavy  men. 
The  authors  indicated  that  small  men  suffer  less  cumulative 
effects  of  cold  stress  than  big,  heavy  men.  The  paucity 
of  information  in  this  field  leaves  the  question  of  selection 
of  arctic  personnel  on  the  basis  of  body  build  open.  As 
usual,  a  large  number  of  other  factors  needs  to  be  taken 
into  consideration. 

DIFFERENCES  IN  COMPLEXION 

McCieary  (1953)  found  a  consistent,  yet  non¬ 
significant  difference  between  "blonds"  and  "brunets"  in 
manual  performance  under  cold  conditions .  The  blond 
group,  which  included  red  and  brown-haired  individuals 
as  well,  took  less  time  to  complete  a  manual  dexterity 
task  than  did  the  brunets,  who  in  this  case  were  only 
black-haired  individuals.  This  trend  was  not  related  to 
racial  or  national  subgroups  and  was  apparently  unrelated 
to  the  "sensitivity  index"  discussed  above.  The  results 
of  this  isolated  report  need  further  varification. 

SEX  DIFFERENCES 

Women  usually  report  greater  discomfort  due  to 
cold  and  are  said  to  piefer  higher  temperatures  than  men. 

This  anecdotal  observation  has  sometimes  been  interpreted 
as  a  sex  difference  in  physiological  thermoregulative  mech¬ 
anisms.  An  experiment  by  Yaglou  and  Messer  (1941),  re¬ 
ported  by  Tromp  (1963,  p.  231),  however,  has  shown  the 
differences  in  temperature  sensation  and  comfort  to  be 
almost  entirely  due  to  differences  in  clothing  worn. 

PERSONALITY  DIFFERENCES 

Personality  correlates  of  cold  tolerance  have  been 
studied  by  a  few  investigators  with  generally  negative  results. 
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Fine  and  Gaydos  (1959)  obtained  rectal  temperatures,  mor¬ 
phological  measurements,  MMPI  scores,  and  ratings^of 
subjective  feeling  from  subjects  exposed  nude  to  78  F  (26  F), 
70°F  (21°C),  and  50°F  (10°C).  Subjects  whose  scores  on 
the  derived  anxiety  index  deviated  widely  from  the  group 
norm,took  longer  to  show  a  rise  in  rectal  temperature  fol¬ 
lowing  exposure  to  cold.  No  differences  in  rectal  tempera¬ 
ture  between  the  norm  group  and  deviates  were  found  prior 
to  or  during  exposure. 

Willemin,  Kaplan,  Katz,  and  dejung  (1958)  ob¬ 
tained  scores  on  several  psychological  tests,  biographical 
data,  and  peer  ratings  on  825  enlisted  men  in  Cold  Bay 
maneuvers  at  Fort  Richardson,  Alaska.  The  predictive 
validity  of  the  instruments  used  was  not  at  all  impressive. 

The  1958  Combat  Composites,  Aptitude  Areas,  IN  (Infant.y) 
and  AE  (Combat  Arms  Other  than  Infantry)  correlated  .21 
and  .20  respectively,  with  peer  ratings  obtained  on  the 
basis  of  "desirability  for  inclusion  with  the  rater  on  another 
cold  weather  maneuver.  "  The  Classification  Inventory  (Cl), 
a  composite  measure  of  self-confidence,  emotional  stability, 
leadership,  masculinity  and  social  responsibility,  correlated 
.22  with  the  criterion  obtained  from  peer  ratings  of  desirabil¬ 
ity.  The  Arctic  BIB  (Biographical  Information  Blank),  a  self¬ 
description  blank  to  obtain  the  individual's  self-estimate 
of  his  ability  to  cope  with  the  tasks  and  hardships  of  arctic 
duty,  the  Shop  Mechanics,  and  the  Automotive  Information 
Tests  of  the  Army  Classification  Battery  showed  significant, 
but  low  correlations  with  the  peer  rating  criterion.  A  low 
positive  relationship  between  enlisted  grade  and  desirability 
as  "arctic  duty  companion"  was  also  found.  A  multiple  cor¬ 
relation  was  not  reported.  The  question  as  to  how  represen¬ 
tative  companion  desirability  peer  ratings  are  of  actual  per¬ 
formance  under  cold  stress  is  highly  debatable.  In  addi¬ 
tion,  the  probability  of  contamination  of  the  criterion  by 
such  factors  as  likability,  friendliness,  and  the  like  should 
be  deemed  considerable. 

Debons  (1350)  studied  the  interrelationship  of  MMPI 
scores  and  expressed  levels  of  adjustment  to  arctic  duty  for 
a  sample  of  infantrymen.  The  group  that  rated  itself  less 
able  to  adjust  to  the  Alaskan  tour  had  MMPI  scores  more  like 
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the  Army  AWOL  soldier,  indicating  greater  depression, 
more  neuroticism,  and  more  schizoid  tendencies  than 
the  rest  of  the  sample.  The  group  of  individuals  that 
expressed  itself  as  adjusting  favorably  had  MMPI  scores 
that  were  less  neurotic  than  the  maladjusted  group;  they 
were  also  significantly  higher  on  the  psychopathic-deviate 
dimension  than  the  norm  group  on  which  the  MMPI  scale 
was  based. 

On  the  basis  of  the  research  reviewed,  it  appears 
that  adjustment  to  and  tolerance  of  cold  have  not  been  found 
to  be  significant  functions  of  stable  personaltiy  traits.  In¬ 
dividuals  who  manifest  considerable  maladjustment,  depres¬ 
sion,  loss  of  sleep,  and  other  affective  disturbances  appear 
to  do  so  for  the  same  reasons  in  the  Arctic  as  in  more  tem¬ 
perate  climes.  There  is  little  evidence  that  this  maladjust¬ 
ment  should  be  attributed  to  predispositions  reflecting  parti¬ 
cular  personality  or  characterological  sensitivities  to  low 
ambient  temperatures.  The  combined  rigors  of  thermal  ad¬ 
justment,  isolation,  confinement,  and  related  factors  at 
Arctic  remote  sites,  with  resulting  frustration,  boredom, 
interpersonal  difficulties ,  and  deprivations  are  sufficient 
to  intensify  and  precipitate  symptoms  of  maladjustment  in 
some  individuals,  who  might  be  screened  prior  to  assign¬ 
ment  if  such  screening  were  considered  administratively 
indicated  (Sells,  19 G2b) . 

SUMMARY 


Although  the  question  of  selection  of  military 
personnel  for  arctic  duty  has  in  general  been  answered 
in  the  negative,  the  present  review  suggests  that  there 
is  the  possibility  of  exploiting  individual  differences  in 
thermoregulation  efficiency  (Tromp,  1 J  63 ,  p.  252-255) 
and  "sensitivity"  (McCieary,  1953)  that  might  afford  a 
means  of  selection  of  personnel  for  particular  tasks  in 
which  cold  tolerance  is  critical  and  means  of  insulation 
and  protection  are  not  adequate,  for  example,  the  main¬ 
tenance  of  power  and  communications  lines  and  equipment 
in  the  open. 


SECTION  8.  SOCIAL  FACTORS 


Although  we  are  not  aware  of  any  "hard"  experi¬ 
mental  data  on  the  role  of  individual  motivation  and  of 
group  and  social  factors  in  relation  to  tolerance  of  cold 
stress,  both  anecdotal  and  field  observations  strongly 
support  the  following  conclusions:  (a)  that  the  greater 
the  motivation  to  achieve  a  particular  goal,  the  greater 
the  individual’s  tolerance  of  frustration  and  stress  in 
activities  leading  to  that  goal  (Sells,  1951;  Bitterman 
and  Holtzman,  1952;  Lazarus,  Dcese,  and  Osier,  1952; 
Korchin,  1962);  (b)  that  support  contributing  to  the  miti¬ 
gation  of  stress  is  received  in  the  participation  in  close- 
knit,  well-trained  groups  through  the  effects  of  leadership, 
team  spirit,  and  other  aspects  of  the  group  process;  and 
(c)  that  other  social  factors,  involving  intra-  and  inter¬ 
group  relations,  such  as  the  effects  of  success  and  failure 
on  communications,  content  of  communications,  and  the 
like,  have  a  significant  effect  on  individual  stress  tolerance. 

Karstens  (1963)  concluded  that  motivation  is  an 
important  factor  in  the  performance  of  aircraft  maintenance 
crews  working  under  adverse  weather  conditions .  Motivated 
individuals  were  observed  to  make  a  special  effort  to  combat 
the  hardships  imposed  by  the  cold  and  to  accomplish  the 
task  successfully.  Reidy  (1960)  suggested  that  choosing 
volunteers  for  a  hazardous  and  stress-laden  arctic  mission 
is  an  excellent  selective  device  and  a  motivating  force  for 
a  man  to  perform  well. 

The  contributions  of  group  processes  to  mitiga¬ 
tion  of  the  combined  stresses  of  arctic  duty  have  been  dis¬ 
cussed  at  some  length  by  Sslls  (1961,  1962a,  b,  c).  Some 
additional  observations  are  included  below  from  references 
omitted  from  or  subsequent  to  Sells'  reviews. 

Reidy  (1960)  in  his  observations  of  several  groups 
stationed  on  an  isolated  ice  island  in  the  Arctic  at  different 
times  gave  a  vivid  description  of  the  deleterious  effects 
of  poor  leadership  on  morale  and  the  friction  created  by  poorly 
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adjusted  Individuals  in  such  small  Isolated  groups .  In 
the  military  situation,  particularly,  where  the  authority 
of  the  commander  is  of  overriding  importance  in  group  be¬ 
havior,  such  maladjustment  may  often  be  an  effect  of 
ineffective  leadership  behavior,  with  disrputive  effects 
on  group  morale  and  consequently  on  group  performance 
(Reidy,  1960;  McCullum,  1950;  Torrance,  unpublished 
manuscript). 

Bovard  (1959)  suggested  that  the  presence  of 
others,  particularly  those  with  whom  the  individual  has 
previously  interacted,  may  have  "a  protective  effect  under 
stress."  Bcvard  hypothesized  that  the  presence  cf  a  social 
stimulus  will  have  a  tempering  effect  cn  the  individual's 
adverse  physiological  reaction  to  stress.  Whether  cold 
stress  can  be  better  withstood,  and  a  high  body  temperature 
maintained  in  a  group  of  persons  with  a  previous  history 
of  interaction,  than  by  an  isolated  individual’s  open  to 
empirical  investigation.  Unfortunately,  social  and  phy¬ 
siological  observations  are  not  routinely  collected  simul- 
.aneously. 


Separation  of  married  men  bom  their  families, 
lack  of  sexual  contact  with  the  opposite  sex,  and  absence 
of  adequate  recreational  facilities  are  a  few  other  problems 
that  have  been  mentioned  as  adversely  affecting  morale 
ar^  performance  (McCullum,  1950;  Torrance,  unpublished 
o  script). 

The  ranner  and  thoroughness  of  preparatory  in¬ 
doctrination  of  personnel  prior  to  exposure  to  stress  is  also 
an  important  aspect  of  stress-tolerance.  Lack  of  competence 
and  unrealistic  anticipations  resulting  from  inadequate  or 
inaccurate  information  about  expected  conditions  and  con¬ 
ceivable  emergencies  (such  as  frostbite)  can  seriously 
handicap  an  individual  or  a  group  in  environments  fraught 
with  difficulties  and  hazards.  Proper  concern  for  and  care 
of  injuries,  alleviation  of  unfounded  fears  and  anxieties, 
and  instruction  in  survival  procedures  in  the  event  of 
extreme  emergencies  are  necessary  aspects  of  the  indoctri¬ 
nation  and  training  requ.red  for  personnel  ;ho  are  to  be 


exposed  to  extreme  conditions.  Prior  experience  in  similar 
situations  is  invaluable,  especially  in  the  case  of  leaders, 
such  as  officers  and  non-commissioned  officers.  Under¬ 
standing  of  behavioral  reactions  to  be  reasonably  expected 
under  extreme  environmental  conditions  and  their  possible 
effects  on  group  morale  might  provide  commanders  and 
subordinate  leaders  helpful  "insight"  into  these  problems 
when  and  if  they  occur.  Such  "insight,"  "understanding," 
or  expectation  might  also  reduce  adverse  and  maladaptive 
reactions  in  trying  and  exacting  social  and  environmental 
circumstances . 
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SECTION  9.  CONCLUDING  COMMENT 


This  review  has  described  the  psychophysiologicai 
effects  of  cold  stress,  the  diverse  parameters  of  cold  stress 
that  have  an  interactive  effect  in  lowering  the  individual's 
tolerance  to  stress,  and  the  means  of  counteracting  the 
compounded  effect  of  cold  stress  through  acclimatization, 
training ,  selection,  and  indoctrination.  Although  the 
multidimensional  and  interactive  aspects  of  so-called 
cold  stress  have  often  been  reiterated,  the  requirements 
of  exposition  have  made  it  necessary  to  treat  both  the 
effects  and  parameters  of  cold  stress  individually.  In 
view  of  the  complexity  of  the  natural  environment  in  which 
cold  stress  is  most  often  encountered,  it  might  have  been 
more  appropriate  to  entitle  this  paper,  "The  Psychophysio¬ 
logicai  Effects  of  Arctic  and  Polar  Environments." 

Despite  the  certainty  that  years  of  extensive 
experimentation  and  observation  are  yet  needed  to  bring 
the  scientific  understanding  of  cold  stress  from  its  infancy 
to  a  more  advanced  level,  comfort  can  be  taken  in  the  fact 
that  investigations  conducted  to  this  date  do  not  form  a 
mixture  of  contradictions,  as  is  so  often  the  case  in  other 
fields  of  psychology  and  physiology.  The  evidence  and 
conclusions  on  the  effects  of  cold  stress  and  the  utility 
of  counteracting  measures  are  on  the  whole  consistent. 

The  investigations  reported,  conducted  by  scientists  of 
different  disciplines,  are  most  often  congruent  and  com¬ 
plementary.  In  spite  of  its  insufficiency,  a  useful  body 
of  knowledge  has  started  to  develop  in  this  field.  Utili¬ 
zation  of  the  principles  and  counteractive  measures  ex¬ 
pounded  in  this  paper  can  be  expected  to  provide  im¬ 
proved  ability  to  cope  with  many  practical  situations  in 
which  cold  stress  and  its  correlates  are  operative. 
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This  report  reviews  several  topics  in  the  area  of  cold  stress,  including 
the  process  of  thermoregulation,  human  performance  under  cold  strekp, 
physiological  injury,  deterioration  of  morale,  acclimatization,  individual 
differences,  and  tolerance  of  cold.  Ways  and  means  of  counteracting 
cold  stress  to  improve  task  performance  are  emphasized.-  I 
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